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" This paper describtes ar aljori«<hm for scanning commanis
of 1 specific yuery languaje fcr a Jata marayement systen.
The commands include relational, arithme*ic assigynmant, and

regsicns

1]

Boolean expressions. The algorithkm accepts the ox

™

in comventional infix nctation, transforms tham into rostfix
notation, then into an efficient se% Cf computing s*eps
known as ordered triples. Structured programming is ysed 1in
tha+t extansive, ind~2nted ccmments €fcrr the structure and

FORTRAN cod2 carries out the instructions of the commen<s.
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CHAPTER 1

INTROLUCTION

Triining persourel tc perform “heir assignel dneio: 1o

a navar-2n:ding responsikiliry c€ ranajers. Porsonrnl o oand

duties ar= both continually chanjirjy. “vel 1% *he pareconne]

and *he hasic work *o te accemnlic-=d aould h= censidci~d *+o

bhe constant, +he ayproach tc¢ aceonrplisr rhe work ani <h-

datailed tactics used will varv as individuals seek easier

andi bet+<er awmethods tc make +*heir work rotc yvl-=asinna,

Manigers and supervisors are- alsy rrsronsitles Yer charge as

th2y bleni their personality into *he organization anl

search for mor> efficient, mcre protuctive, and le=ss

Axmansive means to acccrplish +*he aqoal,
One significant asgect of the continual change in
personnel and work 1is

*te apprcpria“e traininy they reci to

properly perform the du*ty. Certainly they nmus+t be

sufficiently trained tc achieve 1 cortain level of
proficiancy to make them productive in the job, However,

over traininqg or training in tasks which *they do rnot rerform
is an unnecessary expense and thus should be avoided if at
all possihle, To optirize the benefit-training ratic, 1

manider 3hould expend resources to train personnsl ‘o1

cnly




thos2 *135k3 which they will acrually por
Nptimized +*raining appears ideal wh

vpersom and on2 Jo2b which can b2 spocitic

form orn +he Jor.

el oconsidsTvin one

1lly Jetinad o1 1¢

nun=2trous individuals are perforains =xac+ly *a¢ sams 21t 1-=.,

This 1123l situation seldom cccurs in 4%

mor= plausible si+tuaticn wi*thin 3 1iven

© real worlid. k1

rrganiza-icn i¢ ‘or

2 number of th2 2nplcyees tc rerferm identical or sigilar

[ 1)

3KS

[ad
a

Or a certain rortion of their wor

faw =employees would be doing tasks which

%
+

uf€iciently similar such that the sanme
woulld be suitable.

The next logical s+*ep in analyzing

rejuirea2n+ts is in etforr *o identify, ¢

k-=week, hu< crly 1
ar< 1dentical or

rraining curriculum

rraininj

Atesagoriza, and! JInun

tha *asks performed, BAs an «€xampls, suppose apployss A

spanls 52% ot his time rerforming task 1

2, and 227 perfoming task 3. Employee 2

, 30% perfoming task

's time is

distribhuted as 30% on task 1, €9% on *+ask 3, and 107 ca "ok

4 whicn emrloy2e A did not perform, For
12 listrihution of 40% cn task 2, 279% on

task 4, The over.i.. of duties is quite

employee C, assuma
task 3, and u4C¥®¥ on

evidont and

considering economy of scale, all employees should be

trained together instead of a *rairing proegram heing

customiz=1 for each of them, Cn *the cth
employee A on task U4 is 1 wasted effore,

return for traininy rescurces expandied,

er rand, training
To obtain maximum

*he employses should




e M

be arouped Zor +he varicus *rainini sessions. Smployese A
anl ? would be *rairei cn tasxk 1, A andl C or *ar< 2, L, ¢
and © on *ask 3, and A and © on tasx 4, Witrn *hl:s o o120untlrn:
+ho epployees 1re trained on culv thnoge *asks whial +n-vy
will p> performing (no training is was*ci) anil the *raiiin:
classes 1Ze as larie as peossible (or foasible) tor sconcalc
considoarations,

Txpanding *he examrle *o0 31 lari2 orjgarizationn »*

@}
-
-

sevaral aunired 2mplcyees pertormingy various *tasgks
provid= consid2rable gavings if *h> jch aralvsis 15 prop=rly
condnct=2d, Th=2 same information useil to conluct *he job
anilysis may 3lso be guite ben=2ficiil for praparini 3iob
drscrios*tions, rteassigning tasks *c =nployees, L[eiuclna Tims
consumingy tasks, identifying probl-a areas, and 1n j=nerTal
improviny the nvarall effectiveness of +the orjauiza+inn.

This 1s where occurational analysis can bhe affectivoly

o]

usal, Occupatinnil analysis is ore means cf collecting data

[v)

ahout +he %asks perfcrmed within an orqanization. T+
includes :ollectiny infcrmaticn ahout tha job from *he
va2onle, their superviscrs, and othars. Occupitional
analysis 13 wall acceptel trroughou* the world anid is us»i
extensively by military services, civilian governments,
univarsiti=s, and irdustry (2).

ITn jathering tte information, resnondents avre ackced to

indicats on A r2lative scal¢ how nuch time they speni




T o ————— B o e orpas o

perrozming *ha Iifferapt tacke liwr2t Hn @ quastionn il o,

Their rospoasss 1ca precess<d .o provide a peorcentars of
time d-voted o *he various tasks, In additicn *o tre tarx

relavel 1nfozmit1inn, history ant soocrndary davta 1o 0*

Jirther=ad, 17ain rhrough resnenses Yy wrlttel J1esTion o,
History fi1ta Wwill usuilly iteclale age, =sex, vico, @vill.,
SYpoerlance n th positicn, and similar Zrnfrormation,

s=corndary Yata 15 normally velated o now 1mporranct face

*13¢ 135 T how Idch tfailninag 1s Tegnirsl for 23 task, T
1112 coll=c*sd 15 16 2 guantifi} fcrr »Hr can L rey iily

conv.rrt-1 *o2 r11an*i1t1:3 forme, It <s.ouls t
livie «ampl: 27 [ ~srondents +o ninivizs *he affooe -

parrarsatioans, T ois o ir ke procesainy oind auylysic oor otho

v
o
o]
+

3}
Q
ot

v
.

TeSPONSS 3 T hiat tao ccafuter rlays o os1gnt fd

The Arr Forc-= has teen corne 0f ~he pilcopesrs 1o ;

Se [n the =3rly six+*1¢s, * oy heyac .

$o.

ﬂc.“,l]pi‘iof; 11 :1(;3.1‘.)'-‘7
i=valoving several ccaputer prcirars to do the aualvsis, g

system whicn has heccms known a3 +ho Cennrelbonsive

NDccupational Dita Arnalysis Program (CCDAP),  3inc= *ho

—

beainnint of CIDAP anl as more oxperierncs in cccupa*inrg
anilysis was agained, several proiramss have tean 2id=s? +o <.

system £9 incr=ase 1ts capahility. VUrforturately, no

overall system design existod and *h= {ocurentation 1ot

R}

much +o be Jdesired. As migtht be expected arndl tco o€ter

exporiancad, tais 2vcluticnary procacsg miosulted in 3 syssen

it i s ¢ NP, sttt st s




which 135 lizficult tc rcdify and no+t to*tally resuonive *5
the ne-13 59f *he ygsers, Realizing *he limitacsicne o oo
ywritinal systen, the Occupaticnil Tozeazet Prourat ot Texg o
AEM Inivoarsity is urder contract with *he U5, Navy ¢

t o iricial 1ralysisz =7 ¢

r>w-lte Th: PCOQrins, *ollowing
n tho Navy, cther

ccnsultaticn wi~

ays*tm oand througk
mili*tary services, and crther CODAP users, 1% was airesd =haie
in 2ntiraly new de2sigqn cf pertions of the syster woiali o«
pratarable to just rewriting evistinag proorams, Tho new
jesian should =2mphasize Jdocumenmaticn, understaniabiliry,
molyiriibility, arnd <ransportabili<v whkile jrovidinng
1ncr-~1s52] Ja<a manirulaticn capahility 1* a dscreass 1n cos*
involved,
~ ¥

ani ~ine
anl creavting o

The 1a+ta Jatherins, e€ed4i+ing, sortinyg,
th~ ini*tia1l data files ware inclade]l in <he rawrite ror+ion
0f tha s3ys*em, The por+*icn which 1s teina tedesignai

will manipulaite

inclul=s 4 consnlidaticr of rrciorams which
tha {ata in *th> files, Th=e Jata minipulaticn programs will
¢S sStiatem2ntc of ot

O

b2 bised nn an interpreter which rrocess

newly 1»3igned COCAP lanquaje,.
Aish this irntrcducticon tc joab aralysis and the CODRAD
tte reraind=r of this paper will focuc 21

seqment cf the CODAP proarctams,
discus=ad

Lewrite nroiject,
An

tha2 design of a small
intarpreter to manipulate the CODAP data

s the overall

ase 1is

in chaptsr 2, Chapoter 3 delineate j=cian

[

2.




S

obj2ctivas Hf achi-svina good, us2ful software ani «te

apolicarion to the rproarams beinqg d>veloped, A iotailey

ig in chaonvter

d2scrintion of *Le projram lcagic 3anl in+ertace

4, Chap*tar & s3umnmarizes the paper and sudgests areas which

Bay b2 of 1ntereit fcr additicnal woark.

Ta

e i T e
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CHAPTER IT
TEE INTFSPRETID

The dacision *o redesign the portion of *he syscen
which manipulates +the dara was bisedl in part H>n 1 i-sive =9
provid2 a more na*tiural, easier *o use 3yster, Th2 oHriirinal
CODAP system was quite +tedious 31ince users were rajuired o
indica*e th=ir lesired data maninulition ac*inn by =lacing
numb2rs in specifiad card cclumns., This procedure was slow
and Juite prone to induciny errors. To overcome this prahlon,
it was iecided to use free ‘orrmat*t, 2asily urdierstaniable
Enylish~-1lik= cormands.

The Statistical Analysis Systen (54S) languaqge rearly
3a3*is5fi21 the above reyquirerents but was 1c* %otallv caris-
factory (7). Scme of tte actions in cccupaticnal analysis
ar2 quite unique. Ccnseguently a n2w lanquaas, the CODAP
languay=, was developed to enhance the use«fulness of the
system, The naw CODAP lanquage is Jdesigned to permi* conven-
ien* manipulation of the job analysis data. The da*a, which
i3 lngically stored in table fcrmat, can be manipula+ted by
either rows or columns with nearly equal ease.

Since the purpose of this paper is to present the des=iin

anl imvlementation cf crly a rcrtion of the CODAP interpreter,

7




th~ languigje 1s not couvered in 1e*3il, 9rly =hose rorrticns
of tha lanjuaag~ applicatle to *his varar are =xplairsd, A
full description of the CODAP laniuade may be found ir +ha
CODAP Usar's Manual (5).

This pap=2r is iimitad *o *the d-s5ign ard iwpleom=r+a<iorn
of modul>s which will handle *hke "full assignment clause"
anil the "Boolean expression", The syntax araphks which illuns-

trit2 thes: two commands are in appendix 1, Ti= lines indi-

[N

cate the possible paths which may b= followad, A diverasnce
of linss means =2ither path 1is rossinle, Circles and ovals
deno*e *th2 anclosel expression is +*o hes incluied in <«te
command string exactly as specified.

As an example, consider th2 full assianmant clause,

Tt may cHuasist of a simple assiqne=2nt clause or the
IF-THEN~ELSEZ exprecsicn which may have one or more rn- stz
IF-THFNs, bu* only one ELSE-clause, A possible full assign-
men* clause, as expressed in the CHOCAP larquage, mitht ba

IF Bill 3 THEN Tom := 5

"
1}

IF Bill 4 TEEN Tcnm £

FLSE Tecm : 1 'cemment?,

The full assijnment clause is the major portion c¢ t+he
CREATFE command which may be usel] to add new columns CT LoOwWE
*o the data base. The "PBill = 3" portion is 1 rela*ional
»Xpression which is tested for a true or false indication *¢

determine which assignment clause is exeacuteld, dnlv or-




MR

assignment clause of the full asrsiynmers

exacut-d.

A typical Roolean expression

of *he CO[CAP data base might te

IN G1 JANTD. ((T1 <= 3)

for selecting

«Re {TH =

Th2 "IN 51" indicates cnly the qgrecup of cclumns

the label 51 are to te considsred,
indicator of which qrougs are to be excluded,
tndicatas only those cclumns wh2re <ke T1 variatle

than or =gual to three will be acceptsd,

above axample, 1f the T4 variable is five, *
pie,

may be greater than thre=2 and the cclurn is s+%ill cor
Th2 relaticnal =2xpressicns "T1 <=

nperands for *he ",0R." lcyical orerator.

thas ",AND." operator are "IN G1I"
((T™1 <= 3y ,OR, (T4 = %)).
It 15 rossible ftc s*tructure

direct execution, Howevar, such

ot

t

o o
D
\D
-

Fficiency of program execution,

3" and "Ty

"NOT IN®

L2

is

n71

1

clause will

(2

SRS it R

inclaicd 1

10

Howeaver,

I')"

[N

valu»

a7

The operarn

- ;n

§ less
Loto=
2¢ 71

1nl the in+*erim resul+s Of

the csource lacquaa=

A procelure

1loe

D

e

ha flexibility in fcrmatinag the cource languige and

lanjuages which have a scmewhat ccmplicated goal i+

for
s*rict

reducos

For ccmplex souvrce

1s CClhpoOn

practice to firs+t *ranslate the source lanqua.jJe into an

int2rnal form which is easier to handle mechanically. Tn

mos*t internal forms, the oparators normally appear ir the

ord-r in which *hey are to he executed (3).

Lony cormaind

e U e TR T T
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Strings or sentences are bkrcken deown into short phrases cf 3
sinil-> operator and the necessary operand (s). The piojranm
which do2s the trarslation places *he phrases in the vrop=t
oriar for oxecution, Thus the execution proaram inec nn=<
ne»1 to b= concern2d with precedwence cf operators, hut nas
th> simplified task of executing in order of sejuencs, cn2
at 1 tim=.

Arithmetic ard Boclean exfressicns, as ccnmonly wrister,
can he guite complex for a computer to process. The rcrmal

axpressions usad are krown as "infix notation" 3ince the

binary overators ar<¢ placed between the two opneranis cn wiich

they are to op=2rate, Unary operators are placed immediac<ely
in frou< of th2ir respective operani. To establish 3 singl-,
corract sequence of executicn c€¢ th> operators, the cprera-
tors ar« 1=nerally assigned a proecedsnce--those of a higher
nrecadence beiny executed hefcra those of a lower preced=nce,
The precadence executicn order can be modified by the use of
parerntha>sss executirg the expresrsion enclosed by parentheses
before the operatoions outside *+he parenthreses.,

Human beinqgs findi the infix notation quite understanda-
ble since it is the most commcnly used system and they have
generally been oxposed to it since their earlies*t arithmetic
classes, The 1bility tc scan and comprekend mor= tkan on=
symbol a+ a time coupled wi*h the €free use of parenttlesis,

sometimes added merely to imprcve claritv, aids in *he

s e

- AT TS
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comprehension of this nctation. However, a mechanical
device, or 2lectrouic in the case nf a computar, does nom
possess the same capability as huwrans and *tus dons re*
raspond as well to infix notation, A coaputer is =2ssentially
rastricted to considering a sinjylos symbol a+ 31 time and con-

paring that syabol with another., Fur¢hesr, parentheses which
humans add for clacity are an unnec=2csary added svmbcl <o
tha cempu*er, regquiring additicnal procassingy time. Corsa-
quently, to aid th2 computer, infix expressions are cften
translat2l irto another form such as suffix or post€ix
notation.

Postfix notation will he used in the CODAP interpret=r,
Parentheses are not required in postfix notation and cpsora-
tors are placed in exactly the order in which thay are tc hbe
executed., This eliminates *he poscible confusicn o€ cpera-
tor precadence and reduces the numher of symbols which <h»
comput>r aust procesrs., As 2xamples, A ¢ B would be written
as AB+ in postfix notation; and A + B * C as ABC*+., It
shnuld also be noted that the varihles and constants app-=24r
in ~xac*ly *he sam~ order in both infix ard pos+€ix nota-
tion, anl in posttix the operands appear immediately to the¢
1l2f+ of the operators.

Once an expression has heen convert=d to pos*fix nota-
tion, a1 second conversicn is easily accomplished *o achieve

a convenien: form for a sinrgle binary operator--i *rigl-,

Suteeiteusatickin, - ind - ] [
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Tha tripl- may be 2xpressed as
(<Operator>, <Operand 1>, <Cperand 2>)
wiere <Operand 1> and <Cperand 2> specify tha arjumonrts o
the operator, As an example, A ¢ B might be represon+t.:l by

+, A, B

and A * 3 ¢« C * D cculd be representad bv the sejuence

w

1. *, A,

2. *x, C, D

3. 4+, (M), ().
Tha numbars in parentheses indicat~e tha+t operand is *te
interim resul*t obtained from th2 triple row illustra*ted (seoe
ref2renc> 3). Interim results are oftean pushed onRto a strack,
then popoel from the s+tack when2vel required in a succecdins
triple. For unary operators, cne of the operand positions
is5 lef* blank. The sigrificance of ordered trivles is +hat
tte triples appear ir the sequence in which they are *o be
exacut2d, Once an expression 1is in ordered triple fcram,
it can be efficiently executed num=rous times by a ccmputar,

The objective of the module d2signs discussed in +his

papar is to accept thke numerical tokens of rormal in€ix
notation which are the Fnglish-lik= commards as input,
These commands are converted to pcstfix notation whore
nec=2ssary for =asier prccessing. The tokens are¢ thern
placed in an ordered triple array which is the output fiom

the modules. Chawnter 3 discusses the considerations of




gcod design which will be applied

molules,

in the design of

thesa

13
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CHAFTER TIT

CESIGN CCNSIDERATICNS

Savaral factors shculd be givon caveful corsid-rarian
when beginning the design of ccmpu+»r software, The cofr-
war2 should be uni=2rstandable, molifiable, r~liabl«, use“ul
transportanla, and =fficient. Injercstandable ccd= cain be
produced by good documentatisn techknigues., The locumernti-
tinsn should be adequate to mear +hs needs of the user and
thos> r=sponsible for maintaining *he software, T+ shoulid
be s+tandirdized and uniform., Zx*2rnal docum2ntation shoulid
provide an overall desiagn nf *he rroagram nodules anid tho
relationship with calling ird callcd modules, In lin? ccm-
ments should bhe sufficient *o allos reasorably knowledjsaole
protrammars tn easily fcllow +ha lojic and unilerstand tho

col2, The comments 1in the proqrams produced for this report

0

set th2 structure of the main proqram lciic and th> cod=
carries out the logic cf the comments.

Sof«ware which is undesrstandable Las a head star+ on
heingy wmoiifiable, If i* can ke und-orstood, it cin usually
be mndified, Addi*ionally, tricky code stoull be avoided.
I+ should b2 modularized, each mndule performing a singl-
functinon., Thus any necessary changes will affect +%e

14
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1('.
faevest number of lines ctf cnde poszible. Subrfoutin~z skoal?
bhe completaly contained on cne i3« *tc allow 3 2asv ovarill
vi2w, Subroutines developed for this vroiject have heor
linitel to less <han 1CC lines of code whict shcull te

conpreh-=ndahle *0o any rrogramm=ar familiar wi*h the
proaramrming lanquaje.

T» be reliabla, the col= shoull r-spord appropriately
with anv and all o*% the pcssibla ranqge of irput +da*a which
it migh* encounter. The ccmmani strirg which 1s +#o be
provided to the moilules urnder consiieratior will have b. on

praviously checked tor syntax errors, Consequently fou

routines have been included for handling e€erroneous inpu<,

This also conforrms with tha specificatiorns proviided,
Disallowinjy syn*tax e€rrors, reliability car be chackz2d4 by !
t25t1n71 *he ranje nf pessipili*tes of acceovtable inpu+. i
Althoug"® not all possible ccmbinations car reasonatly he

toasted, sufficient variations of input should be enccunterei

to cause each par*t cf the code to he exercisel, Suct 13

procedur2 should precvide a high deiree 0¢ reliability.,

To bhe efficient, thke coi» should execute in minimal
computer time., Proqgramming shortcuts arnd rmachine depenijent
techriques ara methods usei to improve zfficiency. FEoth
are contrary %o the goals of understandiable, mcdifiatle,
and transportanle, Consequently scme loss in efficiency

will be accaepted to enhance cther qgoals.




1+

Transportability is of gajor concern for thke CNCA:
pProyrams, They will be used by various 1gerncics cn rur-rous
mak2s of computers and should perform well cn all occassinns,
To =nhance transportability standari ANSI FORTRAN nis leon
selactel as +he languaae for all modiles. I+ 15 cecaroun
enouqgh *hat arny facility of resonabls size would liksly
already hav2, or can reasonably acjuire, tte nec2assary
FORTRAN conpiler,

Th2 last and prctalrly the most importar+t gcial discussed
is usefulness. To be useful, *he ccie must perform the
desired process for which it was proaducsl., This is verifiei
by a rijorous tast effort, inputing tes+t data anrd carefully
ch2cking the output for the intand:! results. Thke sys*on
will be us2ful *o mcte faciliti2s by using a commen frojranm-
miny lanjyuaje, FORTRAN, as discussedi with transpor*arility.

Structured programriny has been usedl ex*ansively
throughnut. A top-down approach was takap to brreak the
problem in to manageable portisns and to enktance tte aq0als cf
unders+andable, reliable, and molifiatle code. A hierarchy
char+t of *he system designed can be found in Fiqure 1. The
proiram structure could have been inmproved using a lanjuage
with structured constructs, such as FL/I or ALGCL, However,
FORTRAN was the specified lanquage. Therefor=, tc prcviie
AsS much structure as possible, corments are plentiful and

structured in nature. The "jif-rhen-else" construct is used
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Figure 1. Hierarchy Chart
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fregquently o bhi=231n the cocrrents 1-50ciated with oooon 1=

rional stateman-+, Tndentaricr is 2mployea o provids g

visual indiication >t plcck structure anag the rarnge or <.

if-+ltwen-else construct, The coraens "opi of LF" Sfgraiie

thae =ni of an 1f-+then-else blccx ¢4 celse Al*boarh :uc

AN APProiach r=4uir>s5 an abundan- uvs=: cf 56 Ty, =hey 3r.

th2 only means 2f *ransferring acontrcecl o1 a cernii*icral

construct in +the FORTRAN lingJuase, fisually the 5C 77

construct should b= avoided as mucn 4 pnssible *c mike

code easv *0 folleow,. Hewevelr the aithor tbelicves +tre

structur2 of thas corrments and inlenta+rion alorny wi-h +h.

con*rollei use of GC TCs has result2d in a wall Stracturiceld

anl juite unilerstandable program considoring rhe linivz* ior

ot thne FORTRAN larcuage,

Based on the overviaw 2f *the Jesizn philosiohy, chapeoalr 4

will d=s3cribe in detail the alasrichms usea. Tt will d-scibe

lojic us=1 to transfcrm comrand s*rinis into osrder=? triyples,




CHAFTE=R TV

DWSCRTETICN CF ALHPITHME

Ta~ purposs of this project wis o design and faplea-re
modrles *o pearforma *wC s2parite Tunctilons, Barh +ha el

assignaeant clause anl Beclean sxore-:s:s

[
~
-

T

v

)

-
-

transform2l into the in%tarnal Zoram oY orierel trivls: fo:
effici-=n% =xeccution. Although rha *wo Ooutpu®: w=2re o 1. o*
+te same format, sararate procovies wole desired sinee mre
inpats ire n3* sufficiantly sirilar. This is alsc irn v50e -
men* with the jood sof*wire engine-zing techniju=s ot cne
fanction p2r moiuls which enhances prceyrar unierstancatiliivy.
Th> proyjams %2 vrocess the full assignment cliuse wers deyval-

op2d first., These ware usad as a 3tarting point for levelon-

ing th2 progrims which rrocess rthe Boclean expressicns,

Full Assignment Tlause
P> full assigrnmant clavse, as discussel in chapt=r 2,
consises of an IF-THEN-FLSE clause, The IF porticn 1is
optionil and if presen+t is ccmroscd of a simple relational
zxpression. Th2 objects o0f THEWN and FLS® will be an
Arithmatic ~xpression whose valu=2 15 computed and assigned

to a viriable, The syntax araph appfars in anrendix 1.

18




Th> full assijuman* clayse »xanCle presentedl in
2 is reopeared here for clarity.

I¥ 3ili = 3 THEN Tcm := 5

i

IF7 3111 4 TEREN Tecmp := &

-3

FISE Tcm := 1 'Yccament',

)

chansor

Ahan transtorased to crdered triples ~his exprascion leccmes

Row Operator Qperand 21 Cperard 2
1. SUE BRill 3
2. BNZ pPQP (5)
3. .= Tcn S
4. 3] (1)
% SUR 3ill U
", BN2Z ngo (9)
7. = fcn S
3, ] (10)
9, = Tcr 1

To form the above triples, all relirional =xpressions

Are subtracted.
result onto a stack which may b= subsequently rotrieve
the FAP command., Irmediately foll»nwini the ralational
is a1 coniitionil brarnch to the nex* assigrmen*t clause

consider=2d should the relaticnal expression he €3lso,

each assignment clause 1S an unconditional branch *o *
end of the full assignmrent clause, since only one o€ ¢

assignments is to be executazd,

Wh=n a full assignment clause 13 *0 le processed,

Th> execution phase will push *h= in+=2rim

d Wit

*riple
to bhe
Aftor
he
he

+hao

appropriate tokens will be passed by an array varame*er *o

subroutine CTIRIPS, the contrcl module for creating *triples,

The flow char* for CTRIES appears in Figure 2.

CTRTITS check.s

+

A« ot e Sand

o
[P Sy

L-m...-u.



CALL
RELATE

CALL
POSTFX

N

CALL
POSTFX

NEED
INTERNAL
ADDRESS

BRANCH STATEMENT
—

FLACE END
ADDRESS IN

-

WRITE TRIPLES
IF DESIRED

Figure 2,

RETURN

e

Flow Chart For CTRIPS

WRITTEN
TRIPLE
ARRAY

T
|

P

)
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fo>r an IF-token and 1f found calls suzroutines SSLATE 40
POSTF X, In r2turn rfrom POSTFX, annrther cleck 135 maid-= *o:

an I¥-+oken which exists for nes+ed IF-T:dENG, 1 Sound, th-
prorram lcops back until the FL3E=-*oken is encoun*erel which
will gen-srate 1 call cf POSTFX %9 process the FLSF 2051 jum-n-
clause. Upon the final re*urn frcam POSTFX a check 1~ mad»>
to verify the requirement for internal aidressec within +he
triples, This requiremen* exists whenevar ths tfull assijn-
men*t clause2 contains the IF-THEN-FLSF *nkers, thit is any-
time it consists of mor< than a single, simple acssidnren<
clause, I need23 address is the address of the 271 of *nw=
triples and will beccme the operand €for the unconditional

branch a+* +he =nd of each set cI triples repr=2seanting a

ey
W

simple assignment clause. The triples are tha2n wri**en outs
1f desired for miintenance or d2bugiing purroses ani the
subroutine returns to the calling anodule.

Subroutine RELATE rrocesses th2 rela*iocnal expression
following the IF-token and places it in *he ordered trirples,
The flow chart is illustra*ted in Figqur=s 3., P®alaticral
AXpra2ssions are limited to the follonwing components:

1. Optional string of unary pluses ani/or minuses;
2. <Constant or variable identifier;

3. Relaticnal coperater;

4, oOptional string of unary pluses ani/or rinuses;

5. Constant or variable identifier.
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TOKEN
VARIABLE,

PRINT .
ERROR — 1 )
CONSTANT, MESSAGE

TRIPLE
OPERAND 1
= TOKEN )

TRIPLE
OPERATOR = SUB

]

OBTAIN BRANCH
TYPE FOR NERT
TRIPLE

i F
RETAIN TRIPLE ;
ADDRESS

l

GET NEXT
TOKEN :

///J\\\\ e e ]

TOKEN “~ PRINT ! .
VARIABLR.\\:QLwﬂg___. ERROR - -1

CONSTANT MESSAGE ;
2 <

’ !

}

TRIPLE ]

A A ey

OPERAND 2
= TOKEN

-
1 RETURN

Figure 3. Flow Chart For RELATE
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Unary plusas are dissregarded since they heve 1o effect,
Unary minuses will nejate the cons*tant or variable <cken on
which *+hey operate. {Tha processiny of unary pluses and
minuses is a minor detail which d1ces npo*t appear in any of
the flow charts for sake of simplicity.) The operanis of
the relational operator (variatles and/or constants) arc
placed in the second and third columns of the triple array.
An internil code for suktract is rlaced in the firs+ colunmn
of the triples as the cgerator.

A branch conditicn based or the specific relarticnal
operator is placed in the next triple, Tle address cf +his
triple is saved for inserting *he object cf the brarch 1+ a
later time when it baeccmes known, This nccurs in subrou<ine
BLDTFP. The purpose here is tc Jererate a hranch to *te end
of the THEN assignment clause should the relaticnal fxpres-
sion be false. The address of the end of the THEN-clauve
is not known until BLDTFP ccmpletes building tte triples for
the TEEN assignment clause,

Subroutine POSTFX receives the s*ring of tokens repre-
sentingd a simeple assignment clause such as

A := B * (C + D **x F) - 3qrt (F).
With this input, POSTFX tvansforms the token string into
vostfix notation which would be

A, B, C, D, E, **, ¢, *, 7, Sqrt, -.

BLDTRP is then called tec tuild the order»d triplaes frcm ¢he

v

WP .ok T P

L aaode

EEIAA A

e e g




25

PO

simple assiqument clause. The flow chart in Fiqurs 4 illus-

*rates th2 pasic alqorithm used.

!
!
R

Input tokens are gparsed one at a time and, lepanding
on what th=y represent, either mov2d directly to *the outpur
str2am or pushed onto a last-in-firs-<-out (LIFO) stack for
an int2rim paeriod., When the "enl" +token is encountersi, anvy
tokens reamaining on the stack Are moved tc th=2 output stream,.
Since the order of variables and constan*s as read frem lef+
to riaght is th=z same for bd>th infix and prostfix nota+icr,
they ar2 always amoved directly to the output stream, Th=
orlar »f overators is changed as necessary to ok+*ain - he

proper sequence of a2xecution., The standard precedence of

oparators from highest to lowest i3

‘e

Functions

Unary plus or minus (+, -)
Exponentiaticn (**)
Multiplication, division (*,/)
Addition or subtraction (+, =)

Assignment (:=)

Right parenthesis
L=ft parenthesis
A series of relative ccmparisons vesult in the fproper

sequence of oparators. A left parenthesis is always pushed

e e AR R

onto the stack, When *he stack is empty the operatnr is

pushed onto the stack., Plus and minus sigrs nmust be checkod

e L i

inameicttied;ibentonstiobliitentiten s o 5 el AR e oo . _ .
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START )
@—‘ GET TOKEN

MOVE POP P

4
TO OUTPUT A_J \_//

CALL BLDTRP RETURN
PUSH TOKEN —@

TOKEN MOVE TO

VARIABLE OR OUTPUT
“\QONSTANT

‘« PUSH TOKEN | 1
= poP
—

PREC K:
FREC TOKEN

TO OUTPUT AND TOKEN

MOVE K 1 : PUSH K

Figure 4, Flow Chart For POSTFX
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to let-rmin2 1r they are unary or binary cperitoars. Unarcy
pluses 1r-= disr2qgard2i while each uuat1y mirnus nejates its
operand token. P2maining nperator +tokens are ccmpired wit!
tha tcken at the top of the stack, It the stack token 1s of
equal or highar precedence, 1t 15 output and another compari-
son 1s made with the new tor of the stack tokan. When ¢he
input tcoxkan is of btigher preced:nce ard a2 riiht parenthesis,
then th2 stack token must bhes a lef* parenthesis, so hkoth ar»
discard=d. In other cases when the input token 15 of higher
preced=nce2 1t 1s pushed onto the s-i1ck 4and *h2 naxt tckelh is
fotched.

he simple assignment clause has four possible delimitv-
ars to mark i*s end, A secord I¥-toker indicites a nesved
IF-THEN situation arnd a relaticnal exypression will fcllow.

An ELSF-token marks the end of the THFN assiinment clausc

which will be followed by an FL3F assignment clause, The
tokans NOSAVE and COMMEMNT are special tokens to dono*te <he
end of the full assignment claus2, When any nf these delim-
iters are encountered, the stack is mcved to output and an
intarnal end delimiter is placed in the output stream,
POSTFX thea calls BLDTFP to ccnvert *he postfix issiqrment
claus= into ordered trigles.

Subroutine BLDTEP builds trirles firom the postéix ex-
prassion, Pigure S5 is *he flow chart for BLDTRP., Usirj the

while~-lo zonstruct, the underlying logic is "while the ¢ckon
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START

(:::)———~r GET TOKEN {

ELATIONAL < - ‘
EXPRESS1ON >N__JL:3;> 1
EXIST

FIND -1
OPERATOR FILL IN
f* BRANCH ADDRESS,
PUT IN BRANCH CODES
TRIPLE
FIND .
“OPERAND 1 E d \
(:2 )-——{ RETURN )
c
|
PUT IN gﬂ
TRIPLE ' ;

UNARY
OPERATOR

FIND
OPERAND 2
PUT IN ‘
" TRIPLE

Figure 5. Flow Chart For BLDTRP
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is 1% rth2 internal end delimiter, 3o place the operiwors
and operinds 1nto the rroper rvosition in the array of
orisreld +riples",

The voas3tfix tckan string is parsed untii an overator io
founl, That operator and the precoiing two operands (cne
operand for €function orperators which ar: unary operatorg)
are placad into the trigple array. Af+er beiny ifusar+=d 1in
the +riple, a zero replaces crerator tokers in the rastfix
strina, This step will prevent any attempt to use *-o sape
oparator twice, It shculd alsc b» notad thra+v +h2 interim
result+t of 1 triple (an operatcr and its respective oreranis)
may he the operand for i subsequant trivle., Thus tv-> rijh-
oparand in the postfix string is r-placedl with a EOM colonan”?
to 12note the interim rosult of a preceling +trigple i3 to
be popped from a stack. {buring execution, interim tripl-

results #ill be autcmatically pustel onto a stack £or laver

h

us=2,) After the sccend operand is placed irn the tripie a
z2rn i3 placed in 1its pcsiticn in the postfix sStrint +0 pre-
cluie *that operand frcm being us23d a1 secord *ime.

The subroutin? then finilizes scme addresses within the
orderel triples, The condit*ticnal bratrch for a fils~ rela-
tional expression (false IF ccndition) is giver the adiress
of +he present triple plus two (th» beaginnriry of the FL5E-

clause), The next *rirle is given 1ir uncondi*inal branch ¢*to

th=2 eni 0of the full assignment clause., A% only on2 assian-

'
¥
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ment cliaus-= 1is to he executzd, each clause 15 follnowedi Wwitwh
a branch to th-= end of the last assigrment clausz2, F204us5e
tnat alira2ss is not kncwn yet, *he address of +he and cf -
simple assignmen*t clause is retain=d and the final "eniw

alir=ss is insarted in each in A wrap-up procodure in CTRIPS,

Bcclean Expressicn '
The Yoolean expressicn, as 1iscussel in chapter 2,

consits of a1 series of relaticnal #xprossions which are +ih-o
ooverands of logical cperators, They have +the same pessible
3yntax 1s the full assignment clauvse r=lational 2xprecssions
pras2n+t21 2arlier, The tckens IN and NOT IN and thair grouap ;
il2n+ifier are also possible cperands, indicating da*a is *o ?
be o2ithar salected from <he specifisd group of cclumnrs ofF
the data base or selacted frem coluwmns 1ot within *he speci-
fi24 group., Parentheses may alsn b2 used to molifv +he *
precedenca of operatcre »r to imprnove unierstandability of
the exprassion. An exanple of a proper 2cclean expressicn
might be

IN G1 JAND. T1 = 3 JAND. (T2 <= 2 .0OR, T2 > 95).
After transforming this expression into pos+fix notation
it woull appear as

INGYT, TYT = 3, .ANC., T2 <= 2, T2 > 5, .NDR., .AND.,

Tha strinj of tckens in postfix ori>r must now b2 convertad

in*o orier=2d triples for efficient execution, The dnsir:24




ordered

durinqg
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ALL 0

R (13)
ADD n 0
SUE T2 5
BM7 pop (17)
ATL 9 1
13 (1)
ADT 0 0
CR

ANC

SETMSK POP SELECT
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s2vs 3 wask or £lav *n cne 1€ +ths Bocl-an expression
trua, d*Raerdise a4 zZero 1S se+,

Obviously *here are many cimiliry*i=g bewwann b

)
'l

1S

ord-red *riples for Bcclean and arithmo*ic =xpre: 21on3,
Howaver suffici-nt differcnces axist *+9 walrAan*s 32; 47 2%

routin-s, To »nreclude e€xcessive roperizion, +the lecc

or <he ruall assignaent clavse roiules will be ysed 3«

line andl »Hniy the significant Jiffercences feor Beoclod

4]
3
e
+
b
0]
.

31ions Wwill he explained 1in *his

Wyh-n 1 Booloan exrpressicn 1

i

Y te trarslitad,
vrojran 411l call subrcumine PSTFRYS, 3 S1x le-ttel na

"noaot

'n
i

1X 3

lecet, Trte flca char* 21 =hi1s subrontins

sam= 15 *hiat of POSTFEY (Figure 4) witlh mircr »xcaprinne

ieliqitars, oporators, and 2nevanis, '~ tok 25 NOS

KEMASYK 47> *h> nnlyv ielimiters for *he Beelean exprouosi

Th= precel2nc=s 0f vossitle drerarars from Hithess o
is: . AND,
. OF,.
Righ* parenttesis
L2ft paranthecis,
The operanis for the Boclean 2xpression ale mor

on> token in lergth.

than

Ccnsequently the routin2 recorinizes

2qach por+tion of an operand (unary plus or minus, conctant,

variabl~, relational orerator, IN, NOT, irnd aroup) 1

them directly *o the output string., (nco the expro:s

4

1

1 nov

101 1=~




convertel to nostiilx nctation, 1 t~couanizatblls ent i3iimy=e:
13 placod 1in the string and subroutine TRILLYS 15 called,
Sudbrou<ine TETELS (Fijyure #£) 11ccepns *r=s peclegn oo

3199 1n pos+tfix rnotaticn ant Arranaes th? tnokens in<s =

t

*riplas, Ajain *here are similarices, yor Hfferencaz, wiysr
comparing suproutines IRIPLS ani RLETEKD,

The postfix srtring i€ rarsel and +he tokans lden*ifi-i,
Lojical opera*ors (.AND., .CR,) aro mev.ed dirac-ly *c +t:-~

*rinle anl *he next tcken is fetg

9]

b=, The op2rauds IN and
NOT IN 3lon7 with +ke qrcup identifi=r are placedl in +=n-
trirles, No hranch conditions are reguired =since *%:° execu-
tion phass will determine whether thes: operands ar= +rue or
false, pushiny 1 one or zerc as aprnropriate onto *he stack.,
Th2 only o+ther %oken tyr2 is 3 loagical operanil of +«hr=e
tok=ns waica form a relational expr2ssi~n. The syb+race
cni>» will be placed 1in the triple fcllowz2d by +ha *wc
relational orperands., Tl= next triple will get a condirional
brainch based on a false relaticnal expression. A ons or
zero, depending on a tru2 or false relational expression, is
pusaed »nto the stack. Finally the +triples must proviis for
evalua*tingy the entire Rcclean expression is evaluated., 7Tn
42 this the stack is opopped. A one irndicates a *rue, a zero
a false 2xpression., A flag (SETMSK) 1is set €9 raflec+ +hiy

coniition, Now that the triples are ccmple*ni, TRIFLS

r2turns +o PSTFX5 which returns +to i*s ¢calliny modnl-,

=
re
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|
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START

(:E:>--“ GET TOKEN

RELATIONAL
OPERANDS,

SET MASK

B |
TRUE/FALSE A\ RETURN

MOVE TO _ ,—;\\

TRIPLE “"‘\\y//

MOVE TO 1

TRIPLE ~
o

MOVE TO |
TRIPLE N )

MOVE TO [y >
TRIPLE

PUSH 0 OR 1

UNCONDITIONAL
BRANCH TO
TRIPLES

Figure 6.

ONTO STACK f"
FOR |

FALSE, TRUE

Flow Chart For TRIPLS
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A+ *his point, the routines *o transtcim *h= ‘ull :

assignm=2nt clause anl Ecolean axpressions 1nto orior=d

triples have been fully discussal, 7The next chan+tor,

chanter 95, will conclude this pavaor. !




CHAPTER V

CCNCLUSTON

This project has teen succescfal in develeping ko

Jdesired projyranms, Several varying se+3 0of da*a have heason

processed and the desired results Ywave bheen obtalned, T
should b-» 2mphasized, tecwever, tha* the pregrams are juies-
sensitive to r=ceiving syrntactically ceorrect input, I+ wace
1s5s5umed in the specifications that +the tokerns would te
2»3i%ed and checked for correct syn-ictic corder btetore bhein:
prac-s521 into ordered triples. Consequently, theso
projyrams have a4 very lcw tcleranca tn erroneous inont+,

FORTEAN was specifisd as the programming lananage in
orisr tc enaance transpecrtatili*y. 2MNGI FOKTRAN is
12n2rally consider2d tc be an unstructured lanauage sinc-
its only means of chanaing the ord=r of executicn of
sta*ements from sequential is with 30 TOs and *he DO=-loop.
Howaver, i+t wis possible to prcvide a perception cf
structure *o0 the programs, This was accomplishel ny a
carefully structured use of comments and precise ind-=n=a<ion
of commen=s and executarle statemen*s, The resultina cole
is more unders+tandable than mcst FORTKRAN progranms,

Th» 203t difficult aspect of +th~ proiject was 1efininn

15
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and und-=rstanding the <cgecifica*ticrs and require~aent: nf r::
project., Nearly all of the ccmmunication wis or4l wrich may
be subiject to 1ifferent interrre+*ation anc way often b
forgntten or take or difterent meaninags after a perini f
time, Further, the author was not invelved in +the Hveis.]
CHONAP projec*, thus initially did not have the brca-
p=2rs3pective of the CCDAPT system. With 3-*ten*ion focus- i
only the poblem at hand, it was oftr2n more difficul*s +o
unlerstani the need and reascn for certain svecifica*in.e,
Finally, th2 specifications were no* pr.ocisely availabls -
the s*art of the project. Specificationrs are ncrrally
d=veloped or modified as the projec: prolress=2s, as was *rue
in *his sitaation, As exp-=rienced in probkatlvy all scétware
d=av21lonmant projects, *t2 specificaticns evolve and chanjge
As *im2 passaes, the users think of o*her requiremen+s and
peculiarities, and the designers perceive rew ani expandinna
capabilites, Real wcrld expariences ¢ncountered in *his
project will c=rtainly be of sijnificant value to the

author,

Future Efforts
Al*hough the subroutines Jeveloped function accrriinn
to the specifications, additicnal improvements could 55111
be add.ad, Separarte subroutines were developed for

transfoarming the input tokens into postfix notation, *h~on




g
into orlerel triples, The separate suhroutines war+s cnoser

*ro break *he overall vrcebleam down intc smaller, mo:z=

manaageable problems and tc make *hHam small encugh *9 he

easily understood. This does, howaver, increaise +4ha )
computer overhazad devoted to linking +the varinus subioutines ‘
tog2ther, Algorithms exist (1,6) +o couvert an infix toker
strirg directly in*c ordered ¢riples. A gomparison botween
*ke length, complexity, and execuriorn »2tficiesncy ¢€¢ <ha ruc
me*hods may be enlightering.
A second area for future stuly ccncerns the orierad

triples coustriacrted frem the Boolean expressicon., The

Boclean 2xpression is ccmposed 0€ a series of lojical

oprrators (.AND., +OF.) and thte assnciated operands. As §
developed, the =2ntire set 0f tripl=s mus* Le exzcut*tedi *o l
determina the resul®t of the expressiorn. However, for ;
certain s2quences of orerators, it can be deterained +has
} tha exprersion is false pefore the entire expression is

evaluat2i1., This woi1ld te desirable since there is nc na<i
to avaluate the remainder of the expression ouce the final

results have already been determired, Being akla tc c¢np

“*h2 exprassion evaluaticn once its rTesults kFave heen
de«2rmined would save executicn tim., But da2velodping the

aljorithm to insert the proper branches into the *rirles is

not an easy problem, ccnsidering the various possible

segquencn2s of operators and how parentheses are used *o



-

14
change the the normal rrecedence of execution. Such an
optimizing step would likely rejguire *he tokens to be
scanned several times while develeoping the possible paths
through *he Becolean expressicn., Due to the ccmplexirty, such
an optimizing a“fort cculd likely result in errcrs as are

sometimes encouterad with ccmmercial optimizing cempilers,

mtad ke

—
Y e .

.
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USER'S sUINX

The andules are design=1 *0 accops an ingat array

-1,

1)2 *cxk=ns3, If 1t is de+termined that longer commparn i7

1971

be usel, *he arrays INELT ardl CUTPIT will nel +5 »e
’

s

Jim=usinonel to a larger size in 11l subroutines. At
ally, *h- matrix which 1=2turns the ordered *riplas, Tt
miy ne=d1 to be -nlarned, Itz presens 3ize 1s BT hy .
A stack is used in the subrHutinres PCSTRYI and DeT
to t=mporarily hcld operiators while +leoy are bLeing cen
el from infix to postfix notation. The s*tack size is
1t 15 conceivable, althcugh unlikely, ftor very lcng st
0f inout f£ok2n3 and with cerrt4aln Arrinienents of oapsra

tors, ov-erands, and parentheses, €or *+he stack to over

1=

¥

Tf this shoull occur, thte stack siz-e ghould be increasel,

PETLVL is an in*eqer paraaster which permits prins

out interim data for maintenancs or dehucging purpossc

For a value 0f zero, the postfix s+ring of tokens and
comapletad ordered triples are prmint=d,

Tt tokers mus* be in precrer syntactic orderc wten
passed to these subrcutines, Tha specitications ware
other mo2iul=s to 40 the editing ani syntax checkinjg.
d2signed subroutines have li+*+tle faul+w tolerance €nr

improp=r tokens or incotrect tok=n ord-r.

ué6

tho




Fich *okou strin
+ tonatae oo end ot
ar-~ SU5AVI or WiIMARK.

Ta= *tokens appll

1072097 -19499
2000 0=-24a49

Rolatinnal
30001
3UD)2
30C03
339704
30(6CH
30005

Logical QOpe
400
40902

Mathmoetical
50003
5C0Cu
5C3CH
5C0046
5C007
5C003
59009
5C01Y

Tunctions
07302
A0009

Varianles
70006-109%9

Specific Id
143805
142806
141607
142408
142409
144C02
14478

7 must have an acaeptal ls

the strirfv.

calle *o *n> vroitrame desianzld

ccmment
constan+ts

Operators
«EC.
«NE.
3T,
.LT.
«GE.

«LE.

rators
~ANT,
<Ok,

Crerators
lef+ parenthasag ' (*
rignt parcenthesas ')!
plus '+
minus *-?
dividi- */!
multiply *=*!
asxpcnentiation Y¥xx!
assian ':=!

logarithna
SquAre roo*

9 and 1500)" or larger

entifiers
IF
IN
NOT
THEN
FLS®
NOSAVF
REMARK

tal1mins

Ansi1cip@t s d=linyr oo

.
TN X S SRR WRSIE. N S

i = 3




Gonerated Internal

50011
50012
50013
50014
50015
50016
SCC17
50018
50019
52C20
50021
50022
50023
53024
50025
50026

BNZ
BZ
anz
BpZ
EM
BP

B
ALCD
POP
SETM
«AND,
. OR,
IN

Coli-

SK

NOT IN
CREATE
SELECT

44

branct on ro+ zer»
branchk on 7ero

branchk on mirus or zern
branck on plus or zerc
hraunch on minus

branch or plus
uncondirional btranch
push OL*0 stack

pop frca stack

setr +he mask

l1ogical and

logical or

in 71roup or modul-

not in aroup or moiule
create new da<ca

s=2lect €frer data bacsc

-
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2.
3.
‘.

[

7.

B.

9'
10.
11,
12.
13.
“.
15.
16,
17.
18.
19.
2°l
21.
22.
23.
24.
23,
25.
27.
28.
29.
30.
3.
32.
33.
34.
35.
36.
37.
38.
39.
40.
Al.
42,
43.
a4,
‘s.
46,

OO0 Oo0O00O00O0n00000m

(]
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SUBROUTINE CTRIPS (INPUT, PRTLVL, TRIPLE)

XXXXX XXXXX XXXXX XXX XXXXX XXXXX

X
X
X

XXXXX

*

L IR

L 2R

X X X X X XX

X XXXXX X XXXXX XXXXX
X X X X X X
X X X XXX X XXXXX

# % % % # 3 FUNCTION OF MODULE » # & » % s & #

CTRIPS IS THE CONTROL MODULE WHICH ACCEPTS A STRING OF TOKENS i
WHICH FORM THE FULL ASSIGNKEMT CLAUSE AND CALLS THE MODULES -
WHICH CONVERT THE STRING INTO ORDERED TRIPLES FOR EXECUTION.

% % * » 3 % PROCEDURE FOLLOUED » & % » » & 3 »

THE FIRST TOKEN IS5 CHECKED TO DETERMINE WHAT IT IS. FOR AN “IF”
TOKEN, THE RELATE SUBROUTINE IS CALLED TO PLACE THE TOKENS OF THE
RELATIONAL EXPRESSION INTO THE ORDERED TRIPLE ARRAY. FOLLOWING
THE RETURH FROM RELATE (CR IHMEDIATELY IF THERE IS NO RELATIONAL
EXPRESSION) POSTFX SUBROUTINE 1S CALLED TO REORDER THE INFIX
ASSICHMINT CLAUSE INTO A POSTFIX ASSIGHMENT CLAUSE.

POSTFX CALLS BLDTRP WHICH PLACES THE POSTFIX ASSIGNMENT CLAUSE
INTO THE ORDERED TRIPLE ARRAY BEFORE RETURMNING T0 THIS MODULE.
REPEATED CALLS OF THE RELATE AND POSTFX SUBROUTINES MAY BE MADE
T0 HANDLE NUMEROUS RELATIONAL AND ASSIGNMENT CLAUSES.

# % ¢ % % » SUBROUTINES CALLED » # % » 3 % > »

RELATE-NOVES TOKENS OF RELATIONAL EXPRESSIONS TO THE TRIPLE ARRAY
POSTFX-CHANGES TOKENS OF ASSIGNNENT CLAUSES INTO POSTFIX
ORDBER; THEN CALLS BLDTRP WHICH PLACES THOSE TOKENS INTO
THE TRIPLE ARRAY

$ % % % » % VARIABLE DECLARATIONS # » % s » » s »

PARANETERS

INPUT -INTEGER ARRAY, LENGTH 100, FOR PASSING TOKENS

PRTLVL-INTEGER, VARIALBE TO ALLCY PRINTING OF EXTRA INFORMATION
WHICH SHOULD BE HELPFUL IN MODIFYING OR DEBUGGING THE
SYSTEN

TRIPLE-INTEGER ARRAY, SIZE 80 BY 3, FOR RETURNING ORDERED TRIPLES

INTEGER INPUT(100), PRTLVL, TRIPLE(80,3)




47.
48.
49,
50.
31,
32.
33.
54.
33.
34.
57.
S8.
5%.
40,
&1,
LY
83.
64.
85,
43.1
43.2
$5.3
85.4
bé.
872,
68,
49.
70.
71,
72.
73'
74.
75.
74,
77.
78'
79.
80'
81.
82.
83.
a‘l
83.
s‘.
87.
88.
89.
90.
,‘.
92.
73.

51
LOCAL VARIABLES

c
c
c BRADDR-INTEGER ARRAY, LENGTH 20, HOLDS INTERNAL ADDRESS OF TRIPLE
c ROWS WHICH WILL GET UNCONDITIONAL BRANCH TO END OF TRIPLES
C INPNT -INTEGER, POINTS TO TOKEHS IN THE INPUT VECTOR

¢ NUNBX -INTEGER, COUNTS THE NUMBER OF PLACES FOR UNCONDITIONAL

c BRANCH TO END OF TRIPLES, INCREMENTS THE BRADDR ARRAY

C QUTPNT-INTEGER, PDINTS TO LAST TOKEN IN OUTPUT VECTOR

c OUTPUT-INTEGER ARRAY, LENGTH 100, FOR PASSING POSTFIX

c ASSIGHMENT CLAUSE

c RENBER-INTEGER, SAVES INTERNAL ADDRESS OF TRIPLE ARRAY TO INSERT
C ADDRESS FRON BLDTRP SUBROUTINE

[ TRPROW-INTEGER, POINTER TO ROWS OF THE ARRAY OF ORDERED TRIPLES

¢

INTEGER BRADDR(20), INPNT, NUMBX, OUTPNT, OUTPUT(100), REMBER,
s TRPROUW

#8338 % 3 % EXECUTABLE CODE # » s # * & 3 »

[x M Ny

INPNT = 1

NUMBX = 0

REMBER = 0

TRPROW = 0
C IF THE FIRST TOKEN IS “IF” THEN CALL SUBROUTIMNE RELATE

IF (INPUT(INPNT).NE.140803) GO 10 80
70 INPHNT = INPNT + 1

CALL RELATE (INPNT, INPUT, REMBER, TRIPLE, TRPROU)

C END OF IF

c
€ALL POSTFX (BRADDR, NUNBX, INPNT, INPUT, OUTPUT, PRTLVL,
& REMBER, TRIPLE, TRPROW)
c
€ IF THE NEXT TOKEN 15 “IF” (NESTED IF-THEN CLAUSE)
¢ THEN CALL SUBROUTINE RELATE
IF (IKPUT(INPNT).EQ.140803) GO TO 70
C END OF IF
80 CALL POSTFX (BRADDR, NUMBX, INPNT, INPUT, OUTPUT, PRTLVL,

] RENBER, TRIPLE, TRPROW)
C IF INTERNAL TRIPLE ADDRESSES ARE INCOMPLETE
IF (NUHBX.EQ.0) GO TO 100
REPEAT
PLACE THE SAVED TRIPLE ROV ADDRESS IN THE PROPER PLACES AS THE
OBJECTS OF THE UNCONDITIONAL BRANCHES.
DO 90 K = 1, NUMBX
90 TRIPLE(BRADDR(K),3) = TRPROW + 1
END OF REPEAT
END OF IF

[y xR x]

IF PRTLVL = 0 VRITE QUT THE ORDERED TRIPLES
00 IF (PRTLYL.NE.O) GO TO 400
N = TRPROW

€
c
(4
c
|




74.
73.
96'
97.
98.
99.
100.

52
DO 110 TRPROW = 1,N
110 WRITE (4,510) (TRIPLE(TRPROV,J), J = 1, 3)
C END OF IF
510 FORNAT ¢/ ¢, T10, 17, 125, 17, 140, 17)
400 RETURN
END .
CSEJECT F

Y A Wil e
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1. SUBROUTINE RELATE (INPNT, INPUT, REMBER, TRIPLE, TRPROW)

2. ¢

3. € XXXXX XXXXX X X XXXXX XXXXX '
A, C X XX X XX X X ;
5. € XXXXX XXXX X X X X XXxx

5. C X X X X XXXXX X X »

7. C X X XXXXX XXXXX X X X XXXXX ,

8. C

9. Co# 8% %44 FUNCTION OF MODULE # % » & % % & »

10. c

. ¢ RELATE SCANS THE INPUT STACK OF TOKENS AND CHANGES THOSE IN A

12, C RELATIONAL EXPRESSION INTD ORDERED TRIPLES WHICH ARE OUTPUT IN

13. c AN ARRAY.

14, ¢

15. C# &4 %44 % PROCEDURE FOLLOWED  » & » # & 2 »

16. C

17. ¢ INPUT RELATIONAL EXPRESSIONS ARE RESTRICTED TU THE FOLLOWING

18. c FORKAT: 1. OPTIONAL STRING GF UNARY PLUSES AND/OR MINUSES;

19. C 2. CONSTANT OR VARIABLE IDENTIFIER;

20. c 3. RELATIONAL OPERATER;

21, c 4. OPTIONAL STRING OF UNARY PLUSES AND/OR NINUSES:

22. C 5. CONSTANT OR VARIABLE IDENTIFIER.

23. c UNARY PLUSES ARE DISREGARDED. UNARY NINUSES ARE ACCUNULATED

2. c AMD, IF THERE ARE AN ODD NUNBER OF THEM, THE CONSTANT OR VARIABLE

25, ¢ TOKEN 15 CHANGED TO A NEGATIVE VALUE. THE FIRST CONSTANT OR !
2. C VARIABLE 1S PLACED IN THE SECOND COLUMN OF THE TRIPLE ARRAY, g
27. c THE RELATIONAL OPERATOR IN THE FIRST COLUMN, AND THE SECOND f
28. c CONSTANT OR VARIALBE IN THE THIRD COLUNN. .

29. c .
30. C% %% %% %% % VARIABLE DECLARATIONS # % ¢ ¢ 3 % & » ,
31. ¢ :
32. C PARAHETERS ‘
13. c "
34. c INPNT -INTEGER, POINTS TO TOKENS IN THE INPUT VECTOR ]
35. c INPUT -INTEGER ARRAY, LENGTH 100, FOR PASSING TOKENS TO THIS "
38, c MODULE ‘j
37. c RENBER-INTEGER, SAVES INTERNAL ADDRESS OF TRIPLE ARRAY T0 INSERT ’

38. c ADDRESS FRON BLDTRP SUBROUTINE

39. c TRIPLE-INTEGER ARRAY, SIZE 80 BY 3, FOR RETURNING ORDERED TRIPLES

40, c TRPROV-INTEGER, POINTER TO ROUS OF THE ARRAY OF ORDERED TRIPLES

M, c

2. INTEGER INPNT, INPUT(100), REMBER, TRIPLE(80,3), TRPROW

a3, c

. C LOCAL VARIABLES

45. ¢

46. c NINUS -INTEGER, UNARY MINUS OPERATOR TOKEN 50006




47.
48-
! . 49.
f 50.
3.
52,
LX
34,
33.
38.
57-
58.
59,
60.
é1.
62.
83.
64.
83,
b8,
é7.
48.
89.
70.
1.
72.
73.
74.
735.
74,
7?.
78,
79-
80.
81.
B2.
830
84,
85.
8é.
87.
aa.
8y.
9°|
91,
92.
93.
9‘.
95-
94.
$7.

o s meqere

INPUT
TOKEN
30001
30002
30003
30004
30003
30006

CONSTANT

IO CIICIOIOIOOOOOOHOO0

RELATIONAL
OPERATOR
.EOQ.
.NE.
.GT.
AT,
.GE,
.LE.

PLUS -INTEGER, UNARY PLUS OPERATOR TOKEN 50005
POP  -INTEGER, OPERATOR WHICH MAY BE INSERTED INTO THE ORDERED
TRIPLE ARRAY FOR POPPING RESULT FROM A STACK
RELOPS-INTEGER ARRAY, SIZE 2 BY 4, HOLDS RELATIONAL OPERATOR AND
BRANCH CODES. THE GPERATOR CODES INSERTED INTO THE ORDERED
TRIPLE ARRAY ARE:

BRANCH
CONDITION
BNZ

B2
BM2
BPZ
BN
BP

RELPNT-INTEGER, POINTER TD ENTRIES IN RELOPS ARRAYY
TEMP -INTEGER, USED FOR DETERMINING IF TOKEN IS A VARIABLE OR

THEN ~INTEGER, POSSIBLE INPUT TOKEN 142408
UBINUS-INTEGER, UNARY MINUS MULTIPLYING FACTOR

54

BRANCH
CODE
50011
50012
50013
50014
50013
50014

INTEGER MINUS, PLUS, POP, RELOPS(2,6), RELPNT, SUB, TEHWP, THER,

& UKINUS

DATA  MINUS/50006/, PLUS/50005/, POP/5001%/, RELOPS/30001, 50011,
3 30002, 50012, 30003, 50013, 30004, 50014, 30005, 50013,
3 30006, 500146/, SUB/30004/, THEN/142408/

(e Ny N x/

UKINUS = #1
INPNT = INPNT - 1

TRPROW = TRPROV + 1

10 CONTINUE

C  INCREMENT THE INPUT ARRAY POINTER

INPNT = INPNT + 1

* ¢ 3% % %3 % EXECUTABLE CODE = % & % % s % &

C IF THE TOKEN IS UNARY PLUS DISREGARD AMD GET THE NEXT TOKEN

IF (INPUT(INPNT).EQ.PLUS) GO TO 10

C END OF IF
c
c
IF (INPUTCINPNT).NE.MINUS) GO TO 40
UNINUS = - UKINUS
c AND GET THE MEXT TOKEN
GO T0 10
€ END OF IF
c

40 CONTINUE

C IF TOKEN I5 A CONSTANT OR VARIABLE
TENP = INPUT(INPNT)/10000

IF ((TEMP.NE.2),AND.((TENP.LT.7).0R.(TENP.6T.9)).AND,

4 (TENP.LT.13)) GO TO 400

IF TOKEN IS UNARY NINUS CHANGE THE SIGN OF THE UNARY NINUS FACTOR




8.

99.
100.
101.
102.
103.
104.
105.
104.
107.
108.
109.
110.
T,
112,
‘ls.
114,
113,
114.
1'7'
118,
119.
120.
121,
122.
123.
124,
125.
124.
127.
128.
129.
130.
131,
132,
133,
134,
135,
136,
137.
138.
139,
140.
141,
142,
143,
144,
"5.
144,
147,
148,

[z N x]

[z Nz N o]

OO0

50

[y B ]

60

[ ]

70

By Ny

c

c -

90
c
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THEN MULTIPLY BY UNARY MINUS FACTOR AND MOVE THE TOKEN TO
COLUKN TUO OF THE TRIPLE ARRAY
TRIPLE(TRPROW,2) = INPUT(INPNT) » UMINUS
END OF IF

RESET UNARY MINUS FACTOR TO POSITIVE
UNINUS = +1

GET THE NEXT TOKEN
INPNT = INPNT + 1

PLACE SUBTRACT CODE IN COLUNN ONE OF TRIPLE ARRAY
TRIPLECTRPROUW,1) = SUB

OBTAIN THE PROPER CODE FGR THE RELATIONAL GPERATOR
REPEAT
COMPARE INPUT TOKEN WITH RELATIONAL OPERATOR ARRAY
B0 50 RELPNT = 1,4
IF (INPUT(INPNT).EQ.RELOPS(1,RELPNT)) GO TO 40
CONTINUE
END OF REPEAT

CONTINUE

PLACE THE PROPER BRANCH CODE, BASED ON THE RELATIONAL CPERATOR,
IN COLUHN OME OF THE NEXT TRIPLE ROW
TRIPLE(TRPROU + 1, 1) = RELOPS(2,RELPNT)

PLACE “POP” OPERATOR IN COLUMN TWQ OF THE TRIPLE ARRAY
TRIPLE(TRPROW + 1, 2) = POP

RETAIN THE TRIPLE ROW NUNBER FOR LATER INSERTION OF BRANCH ADDRESS
REHBER = TRPROW ¢+ 1
CONTINUE
INPNT = INPNT + 1

IF THE TOKEN 1S UNARY PLUS DISREGARD AND GET THE NEXT TOKEN
IF (INPUT(INPNT).EQ.PLUS) GO TO 70

END OF 1F

IF TOKEN IS UNARY MINUS CHANGE THE SIGN OF THE UNARY MINUS FACTOR
IF (INPUT(INPNT) . NE.MINUS) 60 TO 90
UNINUS = ~ UNINUS
AND GET THE NEXT TOKEN
GO 10 70
END OF IF

CONTINUE
IF TOKEN 1S A CONSTANT OR VARIABLE
TENP = INPUT(INPNT)/10000
IF C(TEMP.NE.2).AND.{(TENP.LT.7).0R.(TENP.GT.9)).AND,
$ (TEMP.LT.15)) GO TO 400
THEN MULTIPLY BY UNARY MINUS FACTOR AND HOVE THE TOKEN TO
COLUMN THREE OF THE TRIPLE ARRAY
TRIPLE(TRPROW,3) = INPUTC(INPNT) » UMINUS
INPNT = INPNT + 1
GO 70 3500




149,
150.
151.
152.
153.
154.
159.
134.
157.
158.
159.
160.
161.
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C END OF IF

c

400 CONTINUE

€ PRINT ERROR MESSAGE
PRINT, “ERROR--TOKEN NOT A CONSTANT OR VARIABLE. TOKEN = 7,

4 INPUTCINPNT)

TRPROW = TRPROW + 1
INPNT = INPNT + )

500 CONTINUE
TRPROW = TRPROU + 1
RETURN
END

CSEJECY
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SUBROUTINE POSTFX (BRADDR, NUNBX, INPNT, INPUT, OUTPUT,

3 PRTLVL, REMBER, TRIPLE, TRPROW)
XXXXX XXXXX XXXXX XXXXX XXXXX X X
X XX XX X X XX
XXXXX X X XXXXX X XXXX X
X X X X X X XX
X XXXXX XXXXX X X X X

# % % % % % 3 FUNCTION OF MODULE # » & » » s s »

POSTFX TAKES AN INFIX ASSIGNNMENT CLAUSE AS INPUT AND CONVERTS
IT INTO AN EXPRESSION OF POSTFIX NOTATION WHICH IS OUTPUT.

# % %% % %% % PROCEDURE FOLLOUED #* * % % % % % 2

IF THE TOKEN IS AN END DELINITER DR A REMARK, THE TOKENS IN THE
STACK ARE GUTPUT UNTIL THE STACK 1S EMPTY. 1IF THE TOKEN IS “(/,
IT IS PUSHED ONTO THE STACK. 1IF THE TOKEM IS A MINUS SIGN A
CHECK IS MADE TO DETERHINE IF IT IS A UNARY MINUS. 1IF IT IS

A UNARY MIHUS, THE CONSTANT OR VARIABLE TGKEN ON WHICH IT
OPERATES 1S CHANGED TO A NEGATIVE VALUE.

IF THE TOKEN IS A CONSTANT OR A VARIABLE, IT IS MOVED DIRECTLY
TO THE OUTPUT. IF THE TOKEM IS AN OPERATOR AND THE STACK 1§
ENPTY, IT IS PUSHED ONTQ THE STACK. [IF THE STACK IS NOT EMPTY,
THE TOKEN IS CONPARED WITH THE TOKEN AT THE TOP OF THE STACK

AND IF THE STACK TOKEN IS OF EQUAL OR HIGHER PRECEDENCE IT IS
HOVED TO OUTPUT. OTHERWISE IF THE TOKEN IS “)“, BOTH IT AND

THE “(7 FROW THE STACK ARE DISREGARDED. FINALLY IF NONE OF THE
ABOVE CONDITIONS ARE TRUE, THE TOKEN IS PUSHED ONTO THE STACK
AND THE NEXT TOKEN IS FETCHED. TOKEN ORDER-OF-PRECEDENCE FROM
LOVEST TO HIGHEST IS OPENING PARENTHESIS ~(“, CLOSINC PARENTHESIS
‘)7, PLUS OR MINUS SIGN -+ OR -7, MULTIPLY OR DBIVIDE “# OR //,
EXPOBENTIATION “#2-, UNARY HWINUS, AND FUNCTIONS.

* 43 ¢ 9 3 3 ¢ SUBROUTINES CALLED ¢ * # = & % 3 #
BLDTRP-NOVES POSTFIX-ORDERED TOKENS INTQ ARRAY OF ORDERED TRIPLES
# % ¢ % % % % 3 U\RIABLE DECLARATIONS % % » & % » ¢ »
PARANETERS
BRADDR-INTEGER ARRAY, LENGTH 20, HOLDS INTERNAL ADDRESS OF TRIPLE
RONS WHICH WILL GET UNCONDITIONAL BRANCH TO END OF TRIPLS

NUMBX -INTEGER, COUNTS THE NUKBER OF PLACES FOR UNCUNDITIONAL
BRANCH TO END OF TRIPLES, INCREMENTS THE BRADDR ARRAY

_ | _ - | J
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65.
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77.
78.
7%.
80'
81.
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83.
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97.
98.
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INPNT -INTEGER, PDINTS TO TOKENS IN THE INPUT VECTOR

INPUT -INTEGER ARRAY, LENGTH 100, FOR PASSING TOKENS TO THIS
NODULE

QUTPUT-INTEGER ARRAY, LENGTH 100, FOR RETURNING POSTFIX
ARITHMEIC EXPRESSION

PRTLVL-INTEGER, VARIALBE TO ALLOW PRINTING OF EXTRA INFORMATION
WHICH SHOULD BE HELPFUL IN NODIFYING OR DEBUGGING THE
SYSTEM

RENBER-INTEGER, SAVES INTERNAL ADBRESS OF TRIPLE ARRAY TO INSERT
ADDRESS FRUN BLDTRP SUBROUTINE

TRIPLE-INTEGER ARRAY, SIZE 80 BY 3, FOR RETURNING ORDERED TRIPLES

TRPROW-INTEGER, POINTER TO ROWS OF THE ARRAY OF ORDERED TRIPLES

INTEGER BRADDR(20), INPNT, INPUT(100), NUMBX, GUTPUT(100),
PRTLVL, REMBER, TRIPLE(80,3), TRPROW

L VARIABLES

ARRPHT~INTEGER, POINTS TO ENTRIES IN THE PRECEDENCE ARRAY

CPAREN-INTEGER, POSSIBLE INPUT TOKEN OF CLOSING PARENTHESIS

ELSE -INTEGER, POSSIBLE INPUT TOKEN 142409

MINUG ~INTEGER, POSSIBLE INPUT TOKEN 30004

NOSAVE-INTEGER, POSSIBLE INPUT TOKEN 144002

QOPAREN-INTEGER, POSSIBLE INPUT TOKEN OF OPENING PARENTHESIS

QUTPHT-INTECER, POINTS TO TOKENS IM OUTPUT VECTOR

PLUS -INTEGER, PUSSIBLE INPUT TOKEN 50005

PREC -INTEGER ARRAY, SIZE 2 BY 18, HOLDS PRECEDENCE OF
ARITHHETIC GPERATORS

PRECS -INTEGER, PRECEDENCE OF TOKEN AT TOP QF THE STACK

PRECT -INTEGER, PRECEDENCE OF TOKEN CURRENTLY UNDER CONSIDERATION

STACK -INTEGER ARRAY, LENGTH 30, STACK FOR PROCESSING OPERATORS

STKPNT-INTEGER, POINTER TO NEXT EMPTY POSITION ON THE STACK

TENP -INTEGER, USED FOR DETERMINING IF TOKEN IS A VARIABLE OR
CONSTANT

THEN -INTEGER, POSSIBLE INPUT TOKEN 142408

UNINUS-INTEGER, UNARY MWINUS HULTIPLYING FACTOR

INTEGER ARRPNT, CPAREM, ELSE, END, IF, KINUS, OPAREN, OUTPNT,
PLUS, PREC(2,18), PRECS, PRECT, STACK(30), STKPNT, TENP,
THEN, UNINUS

DATA  CPAREN/S0004/, ELSE/142409/, END/S0030/, 1F/140805/,
HINUS/50006/, NDSAVE/144002/, OPAREN/50003/, PLUS/50005/,
THEN/142408/

DATA  PREC/50003, 9, 50004, 1, 50005, 3, 50006, 3, 50007, 4,
50008, 4, 50009, 5, 50010, 2, 40001, 7, 60002, 7, 60003, 7,
50004, 7, 40005, 7, 40004, 7, 40007, 7, 40008, ?, 50009, 7,
80010, 7/

C*s% %83 % % EXECUTABLE CODE » % ¢ » » & % »

c

QUTPNT = 1

_ e e m———»
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104,
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114,
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128.
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141,
142,
143,
144,
143.
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147.
148,
149,
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€

10

30

40

50

STKPNT = 1
UNINUS = +1
IF THE TOKEN 1S “THEN®" OR “ELSE"™ NOVE IT TQ OUTPUT
IF ((INPUT(INPHT).NE.THEN).AND.(INPUT(INPNT).NE.ELSE)) 60 TO 10
OQUTPUT(QUTPNT) = INPUT(INPNT)
OUTPNT = QUTPNT + 1
GO T0 20
END OF IF

CONTINUE
INPNT = INPNT - 1
CONTINUE
INCREMENT THE INPUT ARRAY POINTER
INPNT = INPHNT + 1

IF THE TOKEN DELINITS THE ASSIGNMENT CLAUSE (NOSAVE, IF, ELSE,
OR RENARK)
IF (CINPUTCINPNT) .NE.NOSAVE) .AND. CINPUTCINPNT).NE.140805) .AND.
& (INPUT(INPNT).NE.ELSE).AND.((INPUTCINPNT)/10000).NE.1)) GO TO 40
THEN
UHILE THE STACK IS NOT EMPTY
CONTINUE,
IF (STKPNT.ER.1) GO TO 500
STRPNT = STKPNT - 1
NOVE STACK TO OUTPUT
OUTPUT(CUTPNT) = STACK(STXPNT)
OUTPNT = QUTPNT + 1
60 TO 30
END OF WHILE
END OF IF.

CONTINUE
IF THE TOKEN = “(‘,
IF (INPUT(INPNT).NE.OPAREN) GO TO 50
THEN PUSH TOXEN ONTO STACK
STACK(STKPNT) = INPUT(INPNT)
STKPNT = STKPNT + 1
60 T0 20
END OF IF.

CONTINUE
IF TOKEN IS A CONSTANT OR VARIABLE
TENP = INPUT(INPNT)/10000
IF ((TEMP.NE,2).AND.((TENP.LT.7).0R.(TENP.GT.9))
s <AND.(TEMP.LT.15)) GO TO 60
THEN MULTIPLY BY UNARY WINUS FACTOR AND MOVE TOKEN TD DUTPUT
CBUTPUT(OUTPNT) = INPUT(INPNT)*UMINUS
RESET UNARY MINUS FACTOR TO POSITIVE
UNINUS = #1
OUTPNT = QUTPNT + 1
G0 70 20

e
—



150.
1351,
132.
133.
154.
153.
156.
157.
158.
159.
1560,
161,
162.
163,
144,
143,
146.
147.
1468,
169,
170.
171,
172,
173.
174,
175.
174.
177.
178.
179.
180.
181.
182.
183.
184,
185.
184.
187,
188.
189.
190.
191,
192,
193.
194,
193.
198,
197.
198.
199.
200.

60
C END OF IF.
c
60 CONTINUE
C IF TOKEN IS 7+’ OR *-~
IF CCINPUTCIMPNT) (NE.PLUS) .AND, (INPUT (CINPNT) . NE.MINUS)) GO TO 80

c THEN IF THIS IS THE FIRST TOKEN OF THIS ASSIGNMENT CLAUSE
c THEN TOKEN 1S A UNARY MINUS OR UNARY PLUS

IF (INPNT.E@.1) GO TO 70
C END OF IF.
c ELSE IF PREVIOUS TOKEN IS A FUNCTION OR OPERATOR BUT NOT 7)“
c THEN TOKEN IS5 A UNARY MINUS OR UNARY PLUS

TEMP = INPUT(INPNT - 1)/10000
IF (({(TEMP.NE.S).AND,(TEMP.NE.&)).0R.
] (INPUT(INPNT-1) .,EQ.CPAREN)) GO T0 80

c END OF IF.
€ END OF IF.
70 CONTINUE
[ \
C IF TOKEN IS UNARY PLUS DISREGARD AND GET NEXT TOKEN

IF (IRPUT(INPNT).EQ,PLUS) GO TO 20
C END OF IF
C IF TOKEN IS UNARY MINUS CHANGE SIGN OF UNARY MINUS FACTOR

UNINUS = -UMINUS
C RETURN FOR NEXT TOKEN

GO 10 20
C END OF IF.
c

80 CONTINUE
C IF STACK 1S ENPTY
IF (STKPNT.NE.1) GD TO 90
c THEN PUSH TOKEN ONTD STACK
STACK(STKPNT) = INPUT(INPNT)
STKPNT = STKPNT + 1
G0 T0 20
€ END OF IF.
c
90 CONTINUE
C ASSIGN PRECEDENCE OF OPERATOR AT TOP OF STACK TO /PRECS’
C  REPEAT

€ CONPARE TOKEN AT TOP OF STACK WITH PRECEDENCE ARRAY
DO 100 ARRPNT = 1,18
100 IF (STACK(STKPNT - 1).EQ.PREC(1,ARRPNT)) 60 TO 110

C END OF REPEAT.
110 PRECS = PREC(2,ARRPNT)

c
C ASSIGN PRECEDENCE OF OPERATOR CURRENTLY UNDER CONSIDERATION TO
¢ ‘PRECT”
C  REPEAT
C CONMPARE INPUT TOKEN WITH PRECEDENCE ARRAY
DO 120 ARRPHT = 1,18
120 IF (INPUT(INPNT).EQ.PREC(1,ARRPNT)) GO TO 130

4
!

.4

!




201.
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219.
220.
221,
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223.
224,
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228.
229,
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232.
233,
234,
233.
236,
237.
238.
239,
240,

C END OF REPEAT.

130 PRECT = PREC(2,ARRPNT)

c

C  COMPARE PRECEDENCE OF TOKEN AT TOP OF STACK WITH INPUT TOKEN
C IF PRECS > OR = PRECT

1IF (PRECS.LT.PRECT) GO TO 140

C THEN NOVE TOP OF STACK OPERATOR TO OUTPUT AND CONPARE TOKEN
c OPERATOR TO NEXT OPERATOR IN STACK.
STKPNT = STKPNT - 1
QUTPUTCOUTPNT) = STACK(STKPNT)
QUTPNT = OQUTPNT + 1
GO TO0 80
140 CONTINUE
€ ELSE IF TOKEN = )’ .
IF (INPUT(INPNT).NE.CPAREN) GO TO 130
c DISREGARD BOTH THE TOKEN ANB “(“, AND GET NEXT INPUT TOKEN
STKPNT = STKPNT - 1
G0 TO 20
c END OF IF.
150 CONTINUE
c ELSE PUSH TOKEN ONTD STACK
STACR(STKPNT) = INPUTC(INPNT)
STKPNT = STKPNT + 1
G0 T0 20
C END OF IF,
c

500 CONTINUE
C PLACE AN IDENTIFIALBE DELIMITER ONTO THE STACK
CUTPUT(OUTPNT) = END

c
C IF PRTLVL = O URITE QUT THE POSTFIX ASSIGNMENT CLAUSE
IF (PRTLVL.EQ.Q) URITE (6,503) (OUTPUT(I), I = 1, OUTPNT)

C END OF IF
c
CALL BLDTRP (BRADDR, NUMBX, OUTPNT, OUTPUT, RENBER, TRIPLE,
: TRPROW)
509 FORMAT (7 7, 16(17, 1X))
RETURN
END

CSEJECT
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SUBROUTINE BLDTRP (BRADDR, NUNBX, OUTPNT, OUTPUT, RENBER, TRIPLE,
TRPROW)

XXXX X XXXX  XXXXX XXXXX XXXXX

X

XXxx X X X

X

XXXX  XXXXX XXXX

X X X X X X XX X
X XXXXX XXXXX
X X X X X X X X
X X XX

* ¢ % % % % » % FUNCTION OF NODULE # = # = > 3 3 »

BLDTRP ACCEPTS THE VECTOR OF ASSIGNMENT CLAUSE TOKENS WHICH ARE
IH PBSTFIX ORDER AS INPUT AND PROCESSES THEN INTO AN ARRAY OF
ORDERED TRIPLES VUHICH ARE OQUTPUT.

% % % & % % PROCEDURE FOLLOUED » » & * » % * #

THE VECTOR OF ASSIGHMENT CLAUSE TOKENS 1S PARSED UNTIL AN
OPERATOR IS FOUND WHICH IS PLACED IN THE FIRST COLUKN OF THE
ARRAY OF ORDERED TRIPLES. THEN THE NODULE BACHSPACES IN THE
ASSIGNKENT CLAUSE VECTOR TO FIND THE OPERAHD(S) FOR THAT
OPERATOR., ONE OPERAND IS REOUIRED FOR FUNCTION OPERATORS AND
TUQ OPERANDS FOR THE COMMON BINARY OPERATORS. THE OPERAND{S)
ARE PLACED IN THE SECOND AND THIRD COLUMNS OF THE ORDERED
TRIPLE ARRAY. THE INPUT VECTOR POSITION OF THE OPERANWD OF
UNARY OPERATORS AND THE SECOND OPERAND OF DINARY OPERATORS ARE
REPLACED WITH THE “POP- QPERATOR (113) WHICH WILL POP THE TOP
INTERIN RESULT FROM A STACK DURING EXECUTION, THE INPUT VECTOR
LOCATION OF OPERATORS AND FIRST OPERAND OF THE BINARY OPERATORS
ARE ASSIGNED A VALUE OF ZERO TO INDICATE THE OPERATOR OR OPERAND
HAS BEEN MOVED TO THE TRIPLE ARRAY. THE ARRAY OF ORDERED
TRIPLES IS RETURNED TO THE CALLING MODULE.

* % 3 %4 3% & UARTABLE DECLARATIONS # * % » & » » »

PARAMETERS

BRADDR-INTEGER ARRAY, LENGTH 20, HOLDS INTERNAL ADDRESS OF TRIPLE
ROWS WHICH WILL GET UNCONDITIOMAL BRANCH TD END OF TRIPLES

NUMBX ~INTEGER, COUNTS THE NUMBER OF PLACES FOR UNCONDITIONAL
BRANCH T0O END OF TRIPLES, INCREMENTS THE BRADDR ARRAY

OUTPNT-INTEGER, BRINGS IN POINTER TO LAST TOKEN IN OUTPUT VECTOR;
ALSO USED AS POINTER IN DUTPUT VECTOR

OUTPUT-INTEGER ARRAY, LENGTH 100, FOR PASSING POSTFIX
ASSIGNKENT CLAUSE

REMBER-INTEGER, SAVES INTERNAL ADDRESS OF TRIPLE ARRAY TD INSERT

e X
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63
47, c ADDRESS FRON BLDTRP SUBROUTINE

48, C TRIPLE-INTEGER ARRAY, SIZE 80 BY 3, FOR RETURNING ORDERED TRIPLES

49. c TRPROW-INTEGER, POINTER TO ROWS OF THE ARRAY OF ORDERED TRIPLES

50. c

5t. INTEGER BRADDR(20), NUMBX, OUTPNT, OUTPUT(100), RENBER,

52, 3 TRIPLE(80,3), TRPROU

53, c

54. € LOCAL VARIABLES

33. c i
56. c BEGIN -INTEGER, KEEPS POSITION IN OUTPUT VECTOR WHERE LAST g
57. c OPERAND WAS FOUND :
58. c END  -INTEGER, DELIHITER FOR POSTFIX STACK

59. c POP  -INTEGER, OPERATOR TD POP THE TOP INTERIN ORDERED TRIPLE

40, c RESULT FROM A STACK ;
51, C STAKLN-INTEGER, STORES LENGTH OF THE POSTFIX STACK '
2. c TEMP -IHTEGER, USED FOR DETERMINING IF TOKEN IS A VARIABLE OR :
63. c CONSTANT ¥
44, c r
65. INTEGER BEGIN, BRANCH, END, POP, STAKLN, TEMP i
66, DATA BRANCH/50017/, END/50030/, POP/50019/ 0
7. c

68, C#* %% % ¢ % EXECUTABLE CODE # * & #» * & & » ;
69. ¢ '
70. STAKLN = QUTPNT "
7. BEGIN = 1 g
72. QUTPNT = 1 i
73. c !
74. 10 CONTINUE ,
75. C  REPEAT ,
76, c UHILE THE TOKEN IS NOT THE “END” DELINITER |
77. IF (OUTPUT(QUTPNT).EG.END) 60 TO 500

78. c DD PARSE THE TOKENS, MOVING OPERATORS AND OPERANDS INTO THE :
79. c PROPER PLACE IN THE ARRAY OF ORDERED TRIPLES

80. c

81. c REPEAT ,
82, c PARSE THE POSTFIX VECTOR UNTIL AN OPERATOR IS FOUND ‘
83. c STARTING WHERE LAST GPERAND UAS FOUND !
84, DO 30 OUTPNT = BEGIN, STAKLN |
85. c IF POSTFIX STACK DELINITER IS ENCOUNTERED, STOP SUBROUTINE

86. IF (OUTPUT(OUTPNT).EQ.END) GO TO 500

87. c END OF IF

88, TENP = QUTPUT(OUTPNT)/10000

89. IF ({TENP.EQ.5).0R.(TENP.EQ.4)) GO TO 40

90. 30 CONTINUE

91, c END OF REPEAT

92. c

93. 40 BEGIN = OUTPNT + 1

94, TRPROV = TRPROW + 1

93. c PLACE OPERATOR FOUND IN FIRST COLUNN OF THE TRIPLE ARRAY

9. TRIPLECTRPROW,1) = OUTPUT(OUTPNT)

97. c BLANK OUT THE POSITION OF THE OPERATOR TOKEN IN THE POSTFIX ARRAY
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OUTPUT(OUTPNT) = 0 )
¢ REPEAT
c BACKSPACE IN QUTPUT VECTOR UNTIL OPERAND OR PREVIOUS TRIPLE
C INTERIM RESULT 1S FOUND

DO 50 1 = 1, STAKLN
OUTPNT = OQUTPNT - 1
TENP = IABS(OUTPUT(OUTPNT)/10000)
IF ((TENP.EQ. 2).0R.((TEMP.GE.7).AND.(TENP.LE.9)).0R.

3 (TENP.GE.13).0R, (QUTPUT(OUTPNT).EQ.POP)} 60 TO 70
30 CONTINUE
c END OF REPEAT
c
720 CONTINUE
C PLACE FIRST OPERAND IN THIRD COLUMN OF TRIPLE ARRAY
TRIPLE(TRPROU,3) = OUTPUT(BUTPNT)
c STORE “POP* OPERATOR IN THE POSTFIX STRING
OUTPUT(OUTPNT) = POP
c IF OPERATOR WAS A UNARY OPERATOR (FUNCTION), THEN GET NEXT TOKEN
IF ({TRIPLE(TRPROW,1))/10000.EQ.6) GO TO 10 '
¢ ELSE GET THE SECOND OPERAND
c REPEAT
c BACKSPACE IN OUTPUT VECTOR UNTIL OPERAND OR PREVIOUS TRIPLE
c INTERIN RESULT IS FOUND
DO 90 1 =1, STAKLN
OQUTPNT = OUTPNT - 1
TENP = IABS(OUTPUT(QUTPNT)/10000)
IF ((TENP.EQ. 2).0R.{(TEMP.GE.7).AND.(TENP.LE.9)).0R.
& (TENP.GE.15) .OR.(OUTPUT (QUTPNT).EQ.POP)) GO TO 100
90 CONTINUE
c END OF REPEAT
c END OF 1IF
c
100 CONTINUE
C PLACE SECOND OPERAND IN SECOND COLUMN OF TRIPLE ARRAY
TRIPLE(TRPROW,2) = OUTPUT(DUTPNT)
c BLANK OUT THE POSITION OF THE OPERAND TOKEN IN POSTFIX STRING
OUTPUT(GUTPNT) = 0
c END OF IF
c GET THE NEXT TOKEN
GG TO0 10
C END OF REPEAT UWHILE
¢

500 CONTINUE
C IF A RELATIONAL EXPRESSION EXISTS IN THE ORDERED TRIPLES
IF (REMBER.EQ.0) GO TO 400

¢ THEN INSERT THE ADDRESS OF THE NEXT TRIPLE ROW AS THE ADDRESS OF
c THE CONDITIONAL BRANCH ASSOCIATED WITH THE RELATIONAL
¢ EXPRESSION.
TRIPLE(REMBER,3) = TRPROW ¢+ 2
c ZERO OUT PARAMETER

REMBER = 0

——— e e
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149,
150.
‘5"
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133,
154,
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152.
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160.
1581,
152,

C END
C
400

CSEJECT
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TRPROW = TRPROW + 1

INSERT UNCONDITIONAL BRANCH OPERATOR INTO ORDERED TRIPLES

(THE ADDRESS OF THIS BRANCH 1S INSERTED IN SUBROUTINE CTRIPS)
TRIPLE(TRPROW,1) = BRANCH

INCREMENT THE NUMBER OF TINES AN UNCONDITIONAL BRANCH ADDRESS
HAS BEEN SAVED
NUNBX = HUMBX + 1

SAVE THE INTERNAL TRIPLE ADDRESS FOR USE IN CTRIPS SUBROUTINE
BRADDR(NUKBX) = TRPROM

OF IF

RETURN
END
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SUBROUTINE PSTFXS (INPUT, PRTLVUL, TRIPLE, TRPROW)

XXXXX XXXXX XXXXX XXXXX X X XXXXX

X

XXXXX XAXXX

X
X

E R

L 2R J

XX X X XX X

X XXXX X XXXXX

X X X X X X

Xxxx X X XX XXXXX

# % & % % & FUNCTION OF HODULE #* # * » 3 % 4 »

PSTFXS TAKES A BOOLEAN EXPRESSION CONMPOSED OF LOGICAL OPERATORS
VITH RELATIONAL EXPRESSION QGPERANDS AS INPUT AND CONVERTS THEM
INTO POSTFIX NOTATION WHICH IS OUTPUT.

# % ¢ % % # PROCEDURE FOLLOWED * % & % % 3 »

IF THE TOKEN IS AN END DELINITER OR A REMARK, THE TOKENS IN THE
STACK ARE OUTPUT UNTIL THE STACK 15 EMPTY. 1IF THE TOKEN IS “¢/,
1T IS PUSHED OHTO THE STACK. IF THE TOKEN IS A NINUS SIGN A
CHECK IS MADE TO DETERNINE IF IT 1S A UNARY MINUS. 1IF IT IS

A UNARY HIRUS, THE CONSTANT OR VARIABLE TOKEN ON WHICH IT
OPERATES IS CHANGED T} A NEGATIVE VALUE. 1IF THE TOKEN IS AN
OPERAND (OR PORTION OF AN OPERAND) OF A LOGICAL OPERATOR (.AND.,

.0R.) TG THE OUTPUT. 1IF THE TOKEN IS AN OPERATOR AND THE STACK IS

EWPTY, IT IS PUSHED ONTO THE STACK. IF THE STACK IS NOT EMPTY,
THE TOKEN IS COMPARED WITH THE TOKEN AT THE TOP OF THE STACK

AND IF THE STACK TOKEN IS OF EQUAL OR HIGHER PRECEDENCE IT IS
MOVED TO OUTPUT. OTHERWISE IF THE TOKEN IS “)“, BOTH IT AND

THE “(/ FROM THE STACK ARE DISREGARDED. FINALLY IF NONE OF THE
ABOVE CONDITIONS ARE TRUE, THE TUKEN 1S PUSHED ONTO THE STACK

AND THE NEXT OPERATOR FETCHED. OPERATOR ORDER-OF-PRECEDENCE FROM
LOWEST 7O HIGHEST 15 OPENING PARENTHESIS “(”, CLOSING PARENTHESIS
“)’, LOGICAL OR “.0R.”, AND LOGICAL AND ‘.AND.”.

# % 3 % % 3 SUBROUTINES CALLED * * 3 & 3 » » 3
TRIPLS-MOVES POSTFIX-ORDERED TOKENS INTO ARRAY OF ORDERED TRIPLES

w % % 2 2 % VARIABLE DECLARATIONS * # % 3 % » ¢ »

PARANETERS

INPUT -INTEGER ARRAY, LENGTH 100, FOR PASSING TOKENS TO THIS
HODULE

PRTLVL-INTEGER, VARIALBE TO ALLOU PRINTING OF EXTRA INFORMATION
WHICH SHOULD BE HELPFUL IN MODIFYING OR DEBUGGING THE

B o < Tpre S
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Pr oyt
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a7, c SYSTEN

48. c TRIPLE-INTEGER ARRAY, SIZE 80 BY 3, FOR RETURNING ORDERED TRIPLES

49. c TRPROV-INTEGER, POINTER TD ROWS OF THE ARRAY OF ORDERED TRIPLES

50. c

51. INTEGER INPUT(100), PRTLUL, TRIPLE(80,3), TRPROW

s2. c

53. C LOCAL VARIABLES

54. ¢

55. c ARRPNT-INTEGER, POINTS TO ENTRIES IN THE PRECEDENCE ARRAY

56. c CPAREN-INTEGER, POSSIBLE INPUT TOKEN OF CLOSING PARENTHESIS

57. c ] ~INTEGER, POSSIBLE INPUT TOKEN 140804

58. c INPNT ~INTEGER, POINTS TO TOKENS IN THE INPUT VECTOR

59. c HINUS -INTEGER, POSSIBLE INPUT TOKEN 50004

40, c NOSAVE-INTEGER, POSSIBLE INPUT TOKEN 144002

41, c NOT  -INTEGER, POSSIBLE INPUT TOKEN 141407

62. c OPAREN-INTEGER, POSSIBLE INPUT TOKEN OF OPENING PARENTHESIS

63. c OUTPNT-INTEGER, POINTS TO TOKENS IN OUTPUT VECTOR

64, C OUTPUT-INTEGER ARRAY, LENGTH 100, FOR PASSING POSTFIX

45. ¢ BOOLEAN EXPRESSION

b4, c PLUS -INTEGER, POSSIBLE INPUT TOKEN 50005

$7. c PREC -INTEGER ARRAY, SIZE 2 BY 4, HOLDS PRECEDENCE OF

48. £ ARITHHETIC OPERATORS

69. c PRECS -INTEGER, PRECEDENCE OF TOKEN AT TOP OF THE STACK

70. c PRECT -INTEGER, PRECEDENCE OF TOKEN CURRENTLY UMDER CONSIBERATION

71. c STACK -INTEGER ARRAY, LENGTH 30, STACK FOR PROCESSING OPERATORS

72. c STKPNT-INTEGER, POINTER TO NEXT EMPTY POSITION ON THE STACK

73. c TENP -INTEGER, USED FOR DETERNINING IF TOKEN IS A VARIABLE OR ,

74. c CONSTANT %

75. c UNINUS-INTEGER, UNARY MINUS MULTIPLYING FACTOR

76. ¢ .

77. INTEGER ARRPNT, CPAREN, END, IN, INPNT, WINUS, NOSAVE, NOT, '

78. : OPAREN, OUTPNT, OUTPUT(100), PLUS, PREC(2,4), PRECS, PRECT,

79. ] STACK(30), STKPNT, TEWP, UMINUS ,

80. c :

81. C CONSTANTS |

82. c a

83. DATA  CPAREN/50004/, END/50030/, IN/140804/, MINUS/50006/, ;

84. : NOSAVE/144002/, HOT/141607/, OPAREN/50003/, PLUS/50005/,

85. 3 PREC/50003, 0, 50004, 1, 40001, 9, 40002, 8/

84. c

87. Cs% %% %2 %3 EXECUTABLE CODE # # » # & » » ¢

88. c

89. INPNT = 0

90. DUTPNT = 1

91. STKPNT = 1

92. UNINUS = +1

93. c

94. 20 CONTINUE

95. C INCREMENT THE INFUT ARRAY POINTER

96. INPNT = INPNT + 1

97. ¢

j
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99.
100.
101.
102.
103.
104,
103.
104.
107.
108,
109.
110.
11,
12.
113.
114,
113,
116,
117,
118.
119.
120.
121,
122.
123.
124.
125.
126,
127.
'28.
129.
130.
131.
132.
133,
134,
135.
134.
137.
138.
139.
140.
141,
142,
143,
144,
'45'
144,
147,
148,

c

c

c

c
c
c
c

c

C
C

c
c

c

c
c

[ x N x1

[z N x N ]

30

40

50

40

IF

68
THE TOKEN DELINITS THE BOOLEAN EXPRESSION (NOSAVE, REMARK)

IF (CINPUT(INPNT).NE.NOSAVE).AND.
(CINPUTCINPNT)/10000).NE.1)) GO TO 40
THEN
WHILE THE STACK IS NOT EMPTY
DO 30 I = 1,30
IF (STKPNT.EQ.1) GO TO 500
STKPNT = STKPNT - 1
NOVE STACK TO OUTPUT
QUTPUT(OUTPNT) = STACK{STKPNT)
OUTPNT = OQUTPNT + 1
END OF WHILE

END OF IF.

IF

CONTINUE

THE TOKEN = “(“,

IF (INPUT(INPNT).NE.OPAREN) GO TO 50

THEN PUSH TOKEN ONTO STACK
STACK(STKPNT) = INPUT(INPNT)
STKPNT = STKPNT + 1
60 TO 20

END OF IF.

IF

CONTINUE
THE TOKEN IS AN OPERAND (OR PORTION OF AN OPERAND) OF A LOGICAL
OPERATOR (CONSTANT, VARIABLE, IN, NOT, OR A RELATIONAL OPERATOR)
TENP = INPUT(INPNT)/10000
IF (CCINPUTUINPNT)/10000).EQ.4).0R. (INPUT(INPNT) . EQ.CPAREN)
«OR.{INPUT(INPNT).EQ.HINUS) . OR. (INPUTCINPNT) ,EB.PLUS)
+OR. CINPUT(INPNT).EQ.OPAREN)) GO TO 40
THEN HOVE TOKEN TO QUTPUT
OUTPUT(OUTPNT) = INPUT(INPNT) * UMINUS

END OF IF
RESET UNARY NINUS FACTOR TO POSITIVE

IF

UNINUS = +1
OUTPNT = OQUTPNT + 1
G0 TO 20

TOKEN 1S 74/ OR 7-*
CONTINUE
IF CCINPUT(INPNT) WNE.PLUS) .AND. (INPUT(INPNT).NE.NINUS)) GO TO 80
THEN IF THIS 1S THE FIRST TOKEN OF THIS RELATIONAL EXPRESSION
THEN TOKEN IS A UNARY MINUS.OR UNARY PLUS
IF (INPHT.EQ.1) GO TO 70
END OF IF.
ELSE 1F PREVIOUS TOKEN IS A FUNCTION OR OPERATOR BUT NOT “)~
THEN TOKEN IS A UNARY MINUS OR UNARY PLUS
TENP = INPUTC(INPNT -~ 1)/10000
IF (((TEHWP.NE,5).AND.(TENP.NE.6)).DR.

(INPUT(INPNT-1).EQ.CPAREN)) GO TO 80
END OF IF.
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149,
150.
151.
'52.
153.
154,
133.
1534,
157.
158.
159,
140,
181,
182.
1563,
164,
‘65.
166.
147.
148.
169,
170.
121,
172.
173.
174.
175.
176.
177.
178.
179.
180.
181.
182.
183.
184.
‘ss'
184.
187.
188.
189,
190.
191.
192.
193.
194.
193,
194,
197.
t98.
199.

70

80

90

oM

100

110

Ix Nz R x B vy

120

130

[y N ]

140
c

69
END OF IF.

CONTINUE

IF TOKEN 1S UNARY PLUS DISREGARD AND GET NEXT TOKEN
IF (INPUT(INPNT).EQ.PLUS) GO TO 20

END OF IF

IF TOKEN IS UNARY NMINUS CHANGE SIGN OF UNARY MINUS FACTOR
UNINUS = -UNINUS

RETURN FOR NEXT TOKEN
60 10 20

END OF 1IF.

CONTINUE
IF STACK 1S ENPTY
IF (STKPNT.NE.1) GO TO 90
THEN PUSH TOKEN ONTO STACK
STACK{(STKPNT) = INPUT(INPNT)
STKPNT = STKPHT + 1
60 10 20
END OF IF.

CONTINUE
ASSIGH PRECEDENCE OF OPERATOR AT TOP OF STACK TQ “PRECS
REPEAT

COMPARE TOKEN AT TOP OF STACK WITH PRECEDENCE ARRAY

DO 100 ARRPNT = 1,4

IF (STACK(STKPNT - 1).EQ.PREC(1,ARRPNT)) GO TO 110

END OF REPEAT.

PRECS = PREC(2,ARRPNT)

ASSIGN PRECEDENCE OF OPERATOR CURRENTLY UNDER CONSIDERATION TO
“PRECY”
REPEAT
COMPARE INPUT TOKEN WITH PRECEDENCE ARRAY
DO 120 ARRPNT = 1,4
IF (INPUTCINPNT).EQ.PREC(1,ARRPNT)) GO TD 130
CONTINUE
END OF REPEAT.
PRECT = PREC(2,ARRPNT)

COHPARE PRECEDENCE OF TOKEN AT TOP OF STACK WITH INPUT TOKEN
IF PRECS >= PRECT
IF (PRECS.LT.PRECT) GO TD 140
THEN NOVE TOP GF STACK OPERATOR TO DUTPUT AND COMPARE TOKEN
DPERATOR TO NEXT OPERATOR IN STACK.
STKPNT = STKPNT - |
QUTPUT(OUTPNT) = STACK(STKPNT)
OUTPNT = QUTPNT + 1
60 T0 80
CONTINUE
ELSE 1F TOKEN = )’
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201,
202.
203.
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205.
206,
207.
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223.
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IF (INPUT(INPNT).NE.CPAREN) GO TO 130
THEN DISREGARD BOTH THE TOKEN AND “(‘, AND GET NEXT TOKEN
STKPNT = STKPNT - 1
G0 10 20
CONTINUE
ELSE PUSH TOKEN ONTO STACK
STACK(STKPNT) = INPUT(INPNT)
STKPNT = STKPNT + 1
60 TO 20
END OF IF.
END OF IF.

CONTINUE
PLACE AN IDENTIFIALBE DELIMITER ONTO THE STACK
DUTPUT(OUTPNT) = END

IF PRTLVL = 0 URITE OUT THE POSTFIX BOOLEAN EXPRESSION
IF (PRTLVL.ED.0) WRITE (4,505) (OUTPUT(I), I = 1, OUTPNT)
END OF IF

FORMAT (* *, 16(17, X))
CALL TRIPLS (OUTPNT, OUTPUT, PRTLVL, TRIPLE, TRPROW)
RETURN °
END
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1. SUBROUTINE TRIPLS (OUTPNT, OUTPUT, PRTLVL, TRIPLE, TRPROW)
2. c
3. C XXXXX XXXXX XXX XXXXX X XXXXX
\. C X X X X X XX X
5. C X XXX X XXXXX X XXXXX
6. C X X X X X X X
7. C X X X XXX XXXXX XXXXX
8. c
9. C* %% % %4 % % FUNCTION OF NODULE # » % % % ¢ » »
10. c
1. C  TRIPLS ACCEPTS THE VECTOR OF BOOLEAN EXPRESSION TOKENS WHICH ARE
12. c IN POSTFIX ORDER AS INPUT AND PROCESSES THEM INTO AN ARRAY OF
13. C  ORDERED TRIPLES WHICH ARE OUTPUT.
14, c
15. C# #% % %% % PROCEDURE FOLLOUED % & % # & % 2
16, c
17. C  THE VECTOR OF BOOLEAN EXPRESSION TOKENS IS PARSED AND THE d
18. c TOKENS IDENTIFIED. LOGICAL OPERATORS (.AND., .OR.) ARE NOVED :
19. c T0 COLUMN ONE OF THE TRIPLE ARRAY. THE OPERANDS /IN GROUP/
20. C  MODULE” OR ‘NOT IN GFOUP/MODULE’ ARE MOVED DIRECTLY TO A TRIPLE.
21. c THE OPERANDS OF RELATIONAL EXPRESSIONS ARE PLACED IN COLUMNS TWD
22. C  AND THREE OF THC TRIPLE WITH THE “SUB’ COMMAND IN COLUNN OKE.
23. C A CONDITIOHAL AND UNCONDITIONAL BRANCH ARE PLACED IN THE TRIPLES
24, C  T0 CAUSE A 71 TO BE PUSHED ONTO THE STACK IF THE RELATIONAL
25. €  EXPRESSION 1S TRUE OR A -0’ IF IT IS FALSE. THE FINAL TRIPLE
26. c 1S GIVEN THE COMMAND “SETHSK’ WHICH WILL POP THE FINAL RESULT
27. C  OF THE BOOLEAN EXPRESSION FROM THE STACK AND SET A NASK TO 1° .
28. c IF TRUE OR /0’ IF FALSE. THE ARRAY OF ORDERED TRIPLES 1§
29. C  RETURNED TO THE CALLING NODULE.
30. c
3. C#» %353 3 % > YARIABLE DECLARATIONS # * * ¢ » » s 3
‘ 32. c
33. C PARAMETERS ;
3. c
35. C  OUTPNT-INTEGER, BRINGS IN POINTER TO LAST TOKEN IN OUTPUT VECTOR; |
36, c ALSO USED AS POINTER IN OUTPUT VECTOR
37. C  OUTPUT-INTEGER ARRAY, LENGTH 100, FOR PASSING POSTFIX
38. c BOOLEAN EXPRESSION
39. C  PRILVL-INTEGER, VARIALBE TO ALLOU PRINTING OF EXTRA INFORMATION
40. c WHICH SHOULD BE HELPFUL IN MODIFYING OR DEBUGGING THE
A, c SYSTEN
42, C  TRIPLE-INTEGER ARRAY, SIZE 80 BY 3, FOR RETURNING ORDERED TRIPLES
A3, C  TRPROM-INTEGER, POINTER TO ROWS OF THE ARRAY OF ORDERED TRIPLES
a4, c
25, INTEGER OUTPNT, OUTPUT(100), PRTLVL, TRIPLE(80,3), TRPROV
Ab. c
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7. C LOCAL VARIABLES 72 4
48. c ;
49. c BEGIN -INTEGER, KEEPS POSITION IN OUTPUT VECTOR WHERE LAST
50. c OPERAND WAS FOUND
51. C EMD  -INTEGER, DELIMITER FOR PGSTFIX STACK
52. c NOT  ~INTEGER, POSSIBLE INPUT TOKEN 141407
53. c POP  -INTEGER, OPERATOR TO POP THE TOP INTERIM ORDERED TRIPLE
54, c RESULT FROM A STACK
55. c RELOPS-INTEGER ARRAY, SIZE 2 BY 6, HOLDS RELATIONAL OPERATOR AND
56. c BRANCH CODES. THE OPERATOR CODES INSERTED INTO THE ORDERED
57. C TRIPLE ARRAY ARE:
58. C INPUT RELATIONAL BRANCH BRANCH
59. C TOKEN OPERATOR  CONDITION CODE
80. c 30001 .E0. BNZ 50011
61, c 30002 .NE. B2 50012
62. c 30003 .GT. BMZ 50013
63. C 30004 LT, BP2 50014
6. c 30005 .GE. BP 50015
85. c 30006 .LE. BA 50016
66. c SAVE -INTEGER, SAVE THE ADDRESS OF OPERAND OF LOGICAL OPERATOR
87, c TEMP -INTEGER, USED FOR DETERNINING IF TOKEN 1S A VARIABLE OR
[ 68, c CONSTANT
| 69. c
' 70. INTEGER ADD, AND, BEGIN/1/, BNZ, BRANCH, BOOLOP, END, OR, POP,
| 71, 3 RELOPS(2,4), SAVE, SELECT, SETNSK, SUB, TENP
| 72. DATA ADD/50018/, AND/40001/, BNZ/50011/, BRANCH/50017/,
| 73. & END/50030/, IN/140806/, NOT/141607/, OR/40002/, POP/50019/,
; 74. & RELOPS/30001, 50011, 30002, 50012, 30003, 50013, 30004, 50014,
' 75. & 30005, 50015, 30004, 50014/, SELECT/50024/, SETNSK/50020/,
; 76. & SUB/50004/
' 77. c
‘ 78. C#o# %2 4%+ EXECUTABLE CODE # » & » # 5 & »
79. £
80. QUTPNT = 0
81. 10 CONTINUE
82. OUTPNT = OUTPNT + 1
83. TRPROW = TRPROW + 1
B4, C IF THE TOKEN 1S END DELIMITER THEN FINALIZE THE TRIPLE ARRAY
85. IF (OUTPUT(OUTPNT).EQ.END) GO TG 400
8é. C END OF IF
87. c
88. C IF THE TOKEN IS /.OR.” PLACE IT IN THE TRIPLE ARRAY
8y. IF (OUTPUT(OUTPNT).NE.GR) GO TO 30
90. TRIPLE(TRPROW,1) = 50022
91. G0 TO 10
92, C END OF IF
93, C
94, 30 CONTINUE
93. C IF THE TOKEN IS .AND.”/ PLACE IT IN THE TRIPLE ARRAY
96. IF (OUTPUT{OUTPNT).NE.AND) GO TO 50
97. TRIPLE(TRPRON,1) = 50021
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END OF IF

CONTINUE
IF THE TOKEN IS “IN” PLACE “IN” AND THE GROUP IDENTIFIER IN THE
TRIPLE ARRAY
IF (QUTPUT(OUTPNT).NE.IN) GO TO 70
TRIPLE(TRPROU,1) = 30023
TRIPLE(TRPROW,3) = OQUTPUT(OUTPNT + 1)
QUTPNT = OUTPNT + 1
60 10 10
END OF IF

CONTINUE
IF THE TOKEN IS “NOT‘ PLACE “NOT IN- AND THE GROUP IDENTIFIER IN
THE TRIPLE ARRAY
IF (QUTPUT(OUTPNT).NE.NOT) GO 70 100
TRIPLE(TRPROW,1) = 50024
TRIPLECTRPROW,3) = QUTPUT(QUTPNT + 2)
OUTPNT = OQUTPNT + 2
GO T0 10
END OF IF

ANY TOKENS WHICH FILTER DOUN TO THIS POINT ARE RELATIONAL EXPRESSION
OPERANDS OF THE LOGICAL OPERATORS. PLACE THE SUBTRACT OPERATOR
IN COLUHN OHE AND THE TUD VARIABLES DR CONSTANTS 1IN COLUMNS
TUO AND THREE OF THE TRIPLE ARRAY
TRIPLE{TRPROU,1) = SUB
TRIPLE(TRPROW,2) = OUTPUT(QUTPNT)
TRIPLE(TRPROY,3) = QUTPUT(OUTPNT + 2)
TRPROY = TRPROW + 1
OUTPNT = QUTPNT + 1

OBTAIN THE PROPER CODE FOR THE RELATIONAL OPERATOR

REPEAT
COMPARE INPUT TOKEN WITH RELATIONAL OPERATORS UNTIL MATCH
DO 140 I = 1,6

IF (QUTPUT(OUTPNT).ER.RELOPS(1,I)) 60 TO 150
END OF REPEAT

CONTINUE

PLACE THE PROFER BRANCH CODE, BASED ON THE RELATIONAL OPERATOR,
IN COLUMH ONE OF THE NEXT TRIPLE ROW
TRIPLE(TRPROW,1) = RELOPS(2,I)

PLACE “POP“ OPERATOR IN COLUMN TUO OF THE TRIPLE ARRAY

TRIPLECTRPROW,2) = POP
TRIPLE(TRPROW,3) = TRPROW + 3
CONTINUE

TRPROW = TRPROW + 1
PLACE “ADD O 1 IN TRIPLE ARRAY FOR TRUE CONDITION
TRIPLECTRPROW,1) = ADD

e e - -
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180,
161.
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177.
178.
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TRIPLE(TRPROW,2) = 0
TRIPLE(TRPROW,3) = 1
TRPROW = TRPRON + 1

C PLACE “UNCONDITIONAL BRANCH’ AND TRIPLE ADDRESS IN TRIPLE ARRAY
TRIPLE(TRPROW,1) = BRANCH
TRIFLE(TRPROW,3) = TRPROW + 2
TRPROW = TRPROW + 1

€ PLACE “ADD 0O 0/ IN TRIPLE ARRAY
TRIPLE(TRPROU,1) = ADD
TRIPLE(TRPROW,2) = TRIPLE(TRPROW,3) = 0
OUTPNT = OQUTPNT + 1
GO 10 10

c
€ FINALIZE THE TRIPLE ARRAY FOR BOOLEAN EXPRESSIONS. SETMSK WILL
c CAUSE THE EXECUTION PHASE TO SET A FLAG ACCORDING TO THE
c RESULTS OF A TRUE OR FALSE BOOLEAN EXPRESSION,
400 CONTINUE
TRIPLE(TRPROW,1) = SETHSK
TRIPLE(TRPROW,2) = POP
TRIPLE(TRPROW,3) = SELECT

TRPROW = TRPROW + 1

C IF PRTLVL = 0 WRITE OUT THE ORDERED TRIPLES
IF (PRTLVL.NE.O)} GO TO 700

600 N = TRPROW
DO 550 TRPROW = 1,N

550 WRITE (6,510) (TRIPLE(TRPROW,J), J = 1, 3)
510 FORNAT (“ *, T10, 17, 125, 17, T40, 17)
700 RETURN

END

—at
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